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PREFACE 



This volume of the Los Alamos Series on Dynamic Materials Properties is 
designed to provide a single source of reliable data on high explosives in use or 

formerly used at the Los Alamos National Scientific Laboratory (LASL). These are 
the best LASL data available and» as revisions are made, newer better data will be 

added. 

The volume is divided into two major parts for the user's convenience. Part I pre- 
sents in one place the properties of explosives by explosive and summarizes all the 
property data and the results cf various tests generally used to diaiacterize ex- 
plosives. It covers only pure explosives and explosive formulations that have been 

well characterized. However, for many of these materials there are some properties 
or test results that have not been determined and in tho.se cases the section normal- 
ly used to list the property or test result has been omitted. Part II presents the 
properties of explosives by property or method of determination. It covers many 
more materials, (xften those tor which only one property has been determined. Part 
n permits ready comparison of explosives and, for a number of properties, contains 
detailed data that permit use of other data reduction methods, such as the user's 
own fitting techniques. 

Because many explosives properties depend upon the exact details ol charge 
preparation, and their determination depends upon the exact details of the testing 
procedures, many of the test procedures used in gathering these data are described. 
References on the test procedures and data are cited where possible; however, much 
of the data has been taken from unpublished internal L.ASl, reports. If more than 
one group of data or conflicting data were available, we selected the most credible. 
Also, because almost all of these explosives are heterogeneous polycrystalline 
materials, some of their properties, especially initiation by strong shocks, depend 
upon such factors as charge density, the particle size distribution of the crystals, 
and the degree of crystal perfection. Therefore, Part II includes detailed descrip- 
tions of the test explosives wherever possible. 

In Part I the explosives are discussed alphabetically and the various plastic- 
bonded explosives, PBXs, and extrudable explosives, XTXs, are discussed in 
numerical order. Part n, because it covers many more explosives formulations, 
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treats pure explosives first, alphabetically; then castables; then plastic-bonded ex- 
plosives, alphabetically by major explosive constituent; and, finally, propellants. 
An explosives table gives the comporitioii of each material covraed in tiiis volume, 
and a glossary defines acronyms and unusual terms. 

The authors gratefully aclmowledge the help that was provided by Margaret M. 
Cos and Jeanne Stein in producing many of the graphics. 



X 



Copyrighted matBrial 



PARTI 

EXPLOSIVES PROPERTIES 
BY EXPLOSIVE 



EXPLOSIVES PROPERTIES BY EXPLOSIVE 

1. Baratol 3 

2. Compoeitioii B 11 

3. Cyclotol 24 

4. DATB 34 

5. HMX 42 

6. Nitroguanidine 52 

7. Octol 61 

8. PBX 9011 72 

9 PBX 9404 84 

10. PBX 9407 99 

11. PBX 9501 109 

12. PBX 9502 120 

13. PETN 130 

14. RDX 141 

15. TATB 152 

16. Tetryl 163 

17. TNT 172 

18. XTX 8008 188 

19. XTX8004 196 
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BARATOL 



1. GENERAL PROPERTIES 

1.1 ClMiiiioal aiid Phyiical Descriiitioii. Baratol, a mixture of barium nitrate, 
Ba(NO»)s, and TNT, C,HJ«IA, is off-white to gray. 

1.2 Common Use. During World War II. the British developed haratols that con- 
tained about 20 wt% barium nitrate to replace TNT. The United States used 
baratols that contained slightly mora bariimi nitrate in depth charges and other 
limited munitions. Baratols that contain up to 76 wt% barium nitrate ara now used 
as the low detonation velocity explosive in waveshaping devices such as plane-wave 
lenses. 

1.3 Toxicity.' Barium nitrate can irritate skin and mucous membranes. 

2. MANUFACTURE AND PROCUREMENT 

2.1 Manufacture. Finely ground barium nitrate is added to molten TNT to Ibrm 
a castable slurry. To lower the slurry viscosity, which increases with the percentage 
of barium nitrate, about 0.1 wt% of nitrocellulose (11.8-12.2 wt% nitrogen, 18-25 
centipoise) is added to the TNT before the addition of the barium nitrate. After the 
barium nitrate is added, just before vacuum is applied to the melt, 0.05-0.1 wt% of 
either decylgallophenone or stearoxyacotic acid is added to prevent cracking. 
Vacuum is applied to the melt just liefore castinK t<> remove dissolved and occ luded 

gas and to provide higher, more uailorm density. Carefully controlled cooling of the 
casting also promotes uniform density and composition. 

2.2 Procurement. There are no purchase specifications for baratol. It is 
produced to the user's specific requirements at ordnance plants that have TNT- 
casting facilities. 
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2.3 Shipping.^ Baratol is shipped as a Class A explosive, as defined by the Code 
of Federal Relations. 

2.4 Storage.' Baratol is stored in Compatibility Group D, Storage Class 1.1, as 
required by US Army Materiel Command regulation. 

3. CHEMICAL PROPERTIES 

3.1 Composition. Unless otherwise specified, the properties given are for the fol- 
lowing composition. 



Constituent 



Weight Percent 



Volume Percent 



Barium nitrate 
TNT 



76.0 
24;0 



62.8 
37.2 



3.2 Molecular Weight. 



Constituent 



Structure 



Molecular Weight 



Barium nitrate 



Ba(NO,). 



261.38 



TNT 




227.13 



3.3 Solubility. Barium nitrate solubility in water is given. 



Tonperature 

CC) 



Solubility 
(gi^lOO ml of solvent) 



20 



8.7 
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4. PHYSICAL PROPERTIES 



4.2 Density. 



Theoretical 
Vacuum cast 

4.3 Infrared Spectrum. See Fig. 1. 
5. THERMAL PROPERTIES 



5.1 Phase Changes. 

Type 



Density 

(g/cm^) 

2.634 
2.60-2.62 



Solid-to-liquid 



Temperature 

(°C) 

79-80 



Latent Heat 
(cal/g) 

6.1 



5.3 Heat Capacity. 



Heat Capacity 
at Constant Pressure 
(cai/g^'C) 

0.192 



Temperature 
Range 

(°C) 

18<T<75 



%T 




4000 SOOO 



2000 1600 ' 1200 

WAVE NUMBER (I/cm) 



Fig. 1. inirared spectrum. 
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5.4 ThflrmalConductlvlly. 



Conductivity 
(cai/s-cm-"C) 

11.84X10-* 



Temperature 

Ran^e 
(°C) 

18<T<75 



5.5 CoefllcleiitofTlieniialEziiaiisioii. 



Coefficient of Expansion 



3.4 X 10-» + 2.8 X 10-' T 



5.6 Heats of Comlratlioii and Fomiatioii.^ 



Ccmttituent 

TNT 
Ba(NOk). 



(kcal/mole) 



-817.2 



Temperature 

Range 
(°C) 

-40<T<60 



AH? 
(kcal/mole) 

-12.0 
-238.23 



5.8 Other Thermal Stability Test Results. 

Test Results 



Vacuum 0.1 -0.4 ml/g of gas evolved 

after48hatl20«C 
DTA and pyiDlysis See Fig. 2 



BARATOL 



"I 1 — I — r 



1 — I — I — I — I — I — I — I — r 



0 - OTA 




J I I L 



Fis. 2. Baratol DTA and pyiolysis test results. 

6. DETONATION PROPERTIES 

6.1 Detonation Velocity. The composition ot baratol cast to approximately 97% 
of its theoretical density affects its detonation velocity as follows. 

Effect of Compositioii 



Weight Percent 
Ba(NO,), 



Detonation Velocity 



70 
72 
74 
76 



5.12 
5.03 
4.96 
4.86 
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6.2 Detonatioii Pressure. 



Weight Percent 
Ba(NO,>, 



Density 
(g/cm*) 



Detonation 

Velocity 
(mmZ/is) 



Pressure 
(GPa) 



76 



2;61 



4.925 



14 



6.4 Plate Dent Test Resulti. 



Charge 
Diameter 
(mm) 

41.3 



Density 
2.61 



Dent I>epth 
(mm) 

3.21 



7. SHOCK INITIATION PROPERTIES 



7.1 Gap Test Results. 



Charge 
Height 
(nun) 

203 



Weiirht Percent 

Ba(N03), 



76 



Density 

g/cm') 

Large Scale 



2.597 



G,. 

(mm) 



27.3 



(mm) 



0.20 



Small Scale 



No data because sample was below f ailure diameter. 
7J2 Wedge Test Results. 



Distance, x*, and Time, t*. 
Density to Detonation 

(g/cm*) (mm and /is) 

2.61 log P * (1 .2±0.03)-(0.aO±0.03) log x* 
logP » (1.01d:0.01).(0.27±0.02) logt*. 

vfhere pressuTe in gigapascals. 



Pressure Range 
(GPa) 

6.9 < P < 11.8 
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BARATOL 



7.3 Shock Hutfoniots.* 



Density 
(g/cm*) 



Shock Hugoniot 
(mm/Ms) 



Particle Velocity Range 
(nun/Ms) 



2.611 



2.63 



U, = 2.40 + 1.66 Up, 
U, = 1.50 + 2.16 Up, 

U.- 2.79 + 1.26 Up, 

where U, = shock velocity 
and Up = particle velocity. 



8. SENSITIVITY 

8.1 Drop Weight Impttct Height. 

Tool Type 



12 
12B 



(cm) 

110 
140 



0 < Up < 0.75 
0.75 < Up < 1.2 

0<Up<l 



9. MECHANICAL PROPERTIES 



9.2 Tensile Streaglih and Modulns. 



Ultimate 
Tensile Strength 
(psi) 

380-450 



9.3 CominreMlve Strength and Modulus. 



Ultimate 
Compressive Strength 

(psi) 



Compressive Modulus 
(psi) 



6700-8100 



(1.5t»2.0)xl0« 
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COMPOSITION B 



1. GENERAL PROPERTIES 

1.1 Chemical and Physical Description. ( Orn posit ion H (Comp B), a mixture 
of 60 wt% RDX and 4U wt% TNT, with or without a wax desensitizer, is yellow- 
brown. Mixtures of RDX and TNT are generally called cyclotols in the United 
States, Hexolite in France, Fiillpulver in Germany, Tritolite in Italy, Tritolita in 
Spain, and Hexotol in Sweden. 

Comp B desensitized with 1 wt% wax is available in grades A and B. Grade A is 
more fluid than Grade B when molten, Comp B-:i contains no desensitizer. It is 
more viscous than Grade A or B when molten because its median RDX particle 
diameter is smaller. 

1.2 Commoii Use. Comp B is used as the explosive fill in almost all types of ex- 
plosive ofdnance. 

1.3 Toxicity.' The toxicity of Comp B is like that of RDX and TNT. 

Workers who inhaled KDX dust for several months have become unconscious and 
have suffered loss of reflexes. The suggested maximum permissible airborne con- 
centration is 1.6 m^m*. 

Inhaled TNT vapor or dust may irritate mucous membranes and cause sneezing, 
coughing, and sore thltMit. TNT may i»oduce toxic hepatitis and aplastic anemia, 
and it yellows the exposed skin, hair, and nails of workers. Dermatitis, erythema, 
papules, and itchy eczema can be severe. Inijestion of 1-2 g of TNT is fstimated to 
be an acute fatal dose to humans. The suggested maximum permissible airborne 
dust concentration is 0.5 mg/m*. 

2. MANUFACTURE AND PROCUREMENT 

2.1 Manufacture. Comp B-type explosives, including cyclotols, are manufac- 
tured from TNT and water-wet RDX. The TNT is melted in a steam-jacketed ket- 
tle equipped with a stirrer and ia brought to about lOO'C. The wet WX is added 
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slowly. Healing and stirnnu; arc continued until most ot the water is evaporated. 
The appropriate desensitizing wax or other additive is then thoroughly mixed with 
the other ingredients. After cooling to satisfactory fluidity, the Comp B is cast into 
strips or chips. The chips are shipped to an ordnance plant, remelted, and cast into 
ammunition or into desired shapes. During this melting, other additives may be in- 
troduced. To increase the density of cast charges, a vacuum may be applied to the 
molten Comp B before casting. 

2.2 Procurement. Comp B is purchased from the US Army Armament 
Readmess Command und^ military specification MIL*C'401C, dated May 15, 
1968, or, as Comp B-3, under MIL-C-45113, dated June 19, 1958. 

2.3 Shipping.' Comp B is shipped as a Class A explosive. 

2.4 Storage.' Comp B is stored in Compatibility Group D, Storage Class 1.1. 



3. CHEMICAL PROPERTIES 
3.1 Composition. 



Comp B, Grades A and B Comp B-3 



Weight Volume Weight Volume 

CoitBtituont Pwoont Poroflnt Per««nt 



RDX 59.6 56.9 60.0 57^8 

TNT 39.5 41.2 40.0 12 2 

Wax 1.0 1.9 0.0 U.U 
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3.2 Molecular Weight. 



Molecular 

Constituent Structure Weight 




NO, 



RDX H, 222.13 

1 I 



TNT <r"3 227.13 



C,H,N.O, 

Wax CH,(CHa)„CH, 30.07 + (14.02), 
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3.3 Solubility/ The solubility is that of the components RDX and TNT. 



Grams of RDX Dissolved/lOU g of Solvent 



solvent 




40 C 


60 C/ 


Acetic acid 








99.6% 


0.46 


0.56 


1.22 


71.0% 


0.22 


0.37 


0.74 


Acetone 


6.81 


10.34 




Isoamyl alcohol 


0.026 


O.OfiO 


0.210 


Benzene 


0.045 


0.085 


0.195 


Chlurubenzene 


0.33 


0.554 




Cyclohexanone 


4.94 


9.20 


13.9 


Dimethylformaniide 




41.5 


60.6 


Ethanol 


0.12 


0.24 


0.58 


Methyl acetate 


2.9 


4.1 




Met h> kyc lohexanone 


6.81 


10.34 




Methyl ethyl ketone 


3.23 






Toluene 


0.020 


0.050 


0.125 


Trichloroethylene 


0.20 


0.24 




Water 


0.005 


0.0127 


0.03 



Gfanu of TNT Dissolved/100 g of Solvent 
Solvent 2G"C 40°C 60°C 



Acetone 109.0 228.0 600.0 

Benzene 67.0 180.0 478.0 

Butyl carbinol acetate 24.0 --- — 

Carbon di.'^ult'ide 0.48 1.53 

Carbon teirachloride 0.65 1.75 6.90 

Chlorobenzene 33.9 

Chloroform 19.0 66.0 302. 
Diethyl ether 3.29 

Ethanol(95%) 1.23 2.92 8.30 

Ethylene chloride 18.7 
Hexane 0.16 

Methyl acetate 72.1 

Toluene 55.0 130.0 367.0 
Trichloroethylene 3.04 

Water 0.0130 0.0285 0.0675 
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4. PHYSICAL PROPERTIES 



4^ Densilgr 



Matnial 



Theoretical 
Density 



Density of Typical Cattliig 



Open Melt 



Vacuum Melt 



Comp B, Grades A and B 
CompB-3 



1.737 
1.760 



1.68-1.70 



1.715-1.720 
L725-1.730 



4.3 Infrared Spectrum. See Fig. 1. 



5. THERMAL PROPERTIES 



5.1 Phase Change. 



Type 



Temperature 

CC) 



Latent Heat 
<cal/g) 



Solid-to-sliuiy 



79 



14.1 




4000 3000 



2000 

WAVE 



1600 I ZOO 

(I/cm) 



800 



Fig. i. Infrared spectrum. 
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5.3 Heat Capacity. 



Heat Capaci^ at Coiistant Pressure 
(cal/g-^C) 



Tempwa tare Range 

CC) 



0.234 + 1.03 X 10-' T 



7 < T < 76 



5.4 Thermal Conductivity. 



Density 



Conductivity 
(cal/s-eni-^C) 



1.730 



6.23x10-* 



5.5 CoefiSdent of Thermal Expansion. 



CoefTicient of Expansion 
(!/•€) 



Temperature Range 



5.46x10-* 



6<T<26 



5.6 Heats ofCombustion and Formation.' 



Constitiient (Itcal/mole) (keal/mole) 



TNT 
RDX 



-817.2 
-501.8 



'12.0 
14.7 



5.7 Thermal Decomposition Kinetics.' 



Decomposition energy 
Activation energy 
Pie-exponential factor 



TNT 



300cal/g 
34.4kcal/mole 
2.51 X 10"/8 



RDX 



500cal/g 
47.1 kcaVmole 
2.02 X 10»/s 
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5.8 Other ThennalStabilily Test Results. 



Test 



Results 



Vacuum 

DTAandpyroIysis 
Critical tempmture, Tm 
Charge radius, a 



0.2-0.6 ml/g ui gas evolved 

after 48 hat 12X^0 
See Fig. 2 
214°C 
3.0 mm 



6. DETONATION PROPERTIES 

6.1 Detonation Velocity.^ 

Effect of Charge Radius 
Charge radius affects the detonation velocity of unconfined Grade A Comp B, 
cast to a drasity of 1.700 g/cm', as follows. 

D(R) - 7.8691(1 - 2.84 X lO '/R) - 6.51 X 10-«/R(R - l.d4)] , 

where D = detonation velocity in millimeters per microsecond 

and R - charge radius in milUmeters. 

The experimentally determined failure diameter is 4.28 nun. 



I I I 



1 — ! — r— I — ' — r— r 



i 
1 



i 




PVMOursis 




_l I L. 



J L. 



200 

TEMKRATMe PC» 



MO 



Fig. 2. Comp B DTA and pyndysis test results. 
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6.2 Detonation Pressure.* 

Grade A Comp B 
(Weight Percent RDX) 



Density 
(g/cm*) 



Detonation 

Velocity 
(nun/ius) 



Detonetion 

Pressure 
(GPa) 



64.0 



1.713 



8.018 



29.22 



6.3 Cylinder Test Results. 



Density* 
(g/cm«) 



Detonation 

Velocity 



Qylinder Wall Vclcx:ity 
(mm/^s) at 



R~R« — 5 nun 



R-R«» 19 mm 



1.700* 
1.716 



7.915 
7.911 



1.377 
1.378 



1.625 
1.628 



"Grade A Comp B. 

Scaled from a 4-in.-diam shot. 



6.4 Plato Dent Test Results.* 



Charge 
Diameter 
(nun) 



Weight 
Percent 
RDX 



Density 
(C/cm«) 



Dent 
Depth 
(nun) 



Charge 
Height 
(mm) 



41:3 
41.3 



60:7 
64.0 



1.730 
1.714 



8:64 
8.47 



203 
203 
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7. SHOCK INITIATION PROPERTIES 
7.1 Gap Test ResulU." 





Density 


Weight Percent 


Geo 




Type 


(s/cm*) 


RDX 


(mm) 


(mm) 


Large Scale 


Comp B'3 


1.727 


60.0 


50.34 


0.81 


Grade A Comp B 


1.710 


64.0 


45.69 


0.45 


Grade A Comp fi 


1.714 


64.0 


45.18 


0.08 






Small Scale 






CompB-3 


1.720 


eo.o 


1.22 




Grade A Comp B 


1.710 




1.6 


0.06 


7.2 Wedge Test Resulto." 








Density 


Distance, x*^, to Detonation 


Pressure Range 


a 


(g/cm*) 




(nun) 


(kbar) 




1.72 




2100 P-»«*, 


40 < P < 100 






where P = 


pressure in kilobars.' 







■I'sers should note that this is the only wedge data fit in this volume where 
pressure is in units of kilobars. 
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7.3 Shock Hugonioto.'^ '* 

Comp B-3 Density Shock Hugoniot Particle Velocity Range 

(g/cm') (mtn/ns) (mm/^s) 



1.680 U, = 2.71 + 1.86 Up, 0 < Up < 1.0 

1 .70 U, = 3.03 + 1.73 Up, 0 < Up < 1.0 

where IJ, = shock velocity 
and Up = particle velocity. 



7.4 Minimum Priming Charge. 



Density L,* 
(g/cm') (mgofXTXSOOS) (±logmg) 



1.727' 245 0.070 

1.725'» 623 0.027 



•Comp 8-3. 
*Grade A Comp B. 



7.5 Detonation Failure Thickness."* 



Density Failure Thickness Lm 

(g/ciaf) (mm) (mm) 



•Crnnp H .1 
"(irade A ( "omp B. 



1.729' 0.785 ().0K6 

1.729' 0.881 0.297 

1.727« 0.805 0.081 

1.727* 0.813 0.051 

1.713'* 1.42 0.07 
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8. SENsmviTy 

8.1 Drop Weight Impact Height 

Tool Type 



12 
12B 

8.2 Large-scale Drop Test Height. 

Density 
(g/cm*) 



Hgo 
(ft) 



1.725 



85 



8.3 Skid Teat Reaults. 



Density 
(g/cm") 

1.727 



Impact 
Angle 
(degrees) 

15 



Target 
Surface 



(cm) 

59 
109 



Sand and epaxy 



8.4 Susan Teat Be8iilts.>« 



Reaction 



Partial 



(ft) 
9.8 



Reaction 
Overpressure 
(psi) 

<0.5 



Projectile 
Impact Velocity 

(ft/8) 



Relative 
Energy Release 
(%) 



600 

800 
1(X)0 
1200 
1400 



0 
5 
20 
30 
38 
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9. BIECHANICAL PROPERTIES 

9.2 Tensile Strength and Modulus. 

Ultimate Tensile Strength 

(psi) 

135-150 

9.3 Compressive Strength and Modulus. 

Ultimate 

Tempenture Compressive Strength Compresgive Modulus 

CO (psi) (psi X 10-*) 



60 1400 ± 96 0.63 ± 0.1 

0 I860 ± 200 2.40 ± 0.3 

-40 2150 ± 280 2.50 ± 0.2 
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1. GENERAL PROPERTIES 

1.1 Chemical and Physical Description. Cyclotol is the generic term tor mix- 
tures of TNT and RDX. In the United States, the term is used for mixtures of 75 
wt% RDX and 25 wt% TNT (Type I) or 70 wt% RDX and 30 wt% TNT (Type R), 
also called Cyclotol 76/25 and Cyclotol 70/30. Neither mixture contains a desen« 
sitizer. To improve the flow of the molten form, a bimodal distribution of RDX 
dystals generally is used. 

1.2 Common Use. Qyclotcd is generally used as an explosive fill in military ap- 
plications that require slightly more energy than Comp B can provide. 

1.3 Toxicity.' Cyclotol toxicity is like that ot RDX and TNT. 

Workers who inhaled RDX dust for several months have become unconscious and 
have sufifmd loss of r^exes. The suggested maximum permissible airborne con- 
centration of RDX is 1.5 mg/m*. 

Inhaled TNT vapor or dust may irritate mucous membranes and cause sneezing, 
coughing, and sore throat. TNT may produce toxic hepatitis and aplastic anemia, 
and it yellows the exposed skin, hair, and nails of workers. Dermatitis, erythema, 
papules, and itchy eczema can be severe. Ingestion of 1-2 g of TNT is estimated to 
be an acute iatal dose to humans. The suggested maximum permissible airborne 
dust conc«itration is 0.5 mg/m*. 
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2. MANUFACTURE AND PROCUREMENT 

2.1 Manufacture. Cyclotols are manufactured Irom TXT and water-wet RDX. 
The TNT is melted in a steam-jacketed kettle equipped with a stirrer and is 
brought to about lOO'C. The wet RDX is added slowly, and heating and Btirring are 
continued until the water is evaporated. Upon cooling to satisfactory fluidity, the 

cyclotol is cast into strips or chips. The chips are shipped to an ordnance plant, 

remelted, and cast into ammunition or into desired shapes. During this melting, 
other additives may be introduced. To increase the density of cast charges, a 
vacuum may be applied to the molten cyclotol before casting. 

2.2 Procurement. Cyclotol is purchased from the US Army Armament 
Readiness Command under military specification MIL-C-13477A, dated March 31, 
1965. 

2.3 Shipping.' Cyclotol is shipped as a Class A explosive. 

2.4 Storage.' Cyclotol is stored in Compatibility Group D, Storage Class 1.1. 

3. CHEMICAL PROPERTIES 
3.1 Compositioii. 



Typel 



TypeH 



Omstituent 



Weight 
Percent 



Volume 
Percent 



Weight 
Percent 



Volume 
Percent 



RDX 

TNT 



75.0 
25.0 



73.2 
26.8 



70.0 
30;0 



68.0 
32.0 
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3.2 Molecular Weight. 

Constituent 



Structure 



Molecular Weight 



RDX H, 222.13 

I I 

C,H,N,0, 



TNT 




227.13 



CH,N,0. 

3.3 Solubility.^ The solubility is that of the components. RDX and TNT. 



Grams of RDX Dissolved/lOO g of Solvent 



Solvent 


20»C 


40°C 




Acetic acid 








99.6% 


0.46 


0.56 


1.22 


71.0% 


0.22 


0.37 


0.74 


Acetone 


6.81 


10.34 




Benzene 


0.045 


0.0H5 


0.195 


Chlorobcnzene 


0.33 


0.554 




Cyclohexanone 


4.94 


9.20 


13.9 


Dimethylformamide 




41.5 


60.6 


Ethanol 


0.12 


0.24 


0.58 


Isoamyl alcohol 


0.026 


0.060 


0.210 


Methyl acetate 


2.9 


4.1 




Methylcyclohexanone 


6.81 


10.34 




Methyl ethyl ketone 


3.23 






Toluene 


0.020 


0.050 


0.125 


'1 richioroethylene 


0.20 


0.24 




Water 


0.005 


0.0127 


0.03 
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Grams of TNT Digsolved/lOO g of Solvent 
Solvent 20° C 40° C 60'C 



Acetone 109.0 228.0 600.0 

Benzene 67.0 180.0 478.0 

Butyl carbinol acetate 24.0 

Tarbon disulfide 0.18 1.5:^ 

Carbon tetrachloride 0.65 1.75 6.90 

Chlorobenzene 33.9 

Chloroform 19.0 66.0 302.0 

Diethyl ether 3.29 

Ethanol(95%) 1.23 2.92 8.30 

Ethylene chloride 18.7 
Hexane 0.16 

Methyl acetate 72.1 

Toluene 55.0 130.0 367.0 
Trichloroethylene 3.04 

Water O.Oia 0.0285 0.0676 



4. PHYSICAL PROPERTIES 



4.2 Density. 



Material 



Theoretical 

Density 
(g/cm*) 



Density of 
Typical Casting (g/cm*) 



Open 
Melt 



Vacuum 
Melt 



Type], 
Cydotol 75/25 

Type II, 
Cyclotol 70/30 



1.776 



1.765 



1.74-1.75 



1.71-1.73 
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4.3 Infrared Spectrum. See Fig. 1. 



6. THERMAL PROPERTIES 



5.1 Phase Changes. 



Type 



Temperature 



Latent Heat 
<caW) 



75/25 



70/30 



Solid-to-slurry 



79 



5.87 



7.05 



5.4 Thermal Conductivity. 



Type 



Density 
<g/cm') 



Conductivity 
(cal/s-em-^C) 



75/26 



1.760 



6.41 no-* 



5.6 Heats of Combustion and Formation.' 



CoDstituent 



AH*, 
(kcal/mole) 



AH" 
(keal/DMile) 



TNT 
RDX 



-817.2 
•501.8 



-12.0 
14.7 



%T 




tooo MOO noo 
WWe NUMBCR (l/c«n} 



Fig. 1. Infrared spectrum. 
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5.7 Thermal Decompoflitioii Kinetics.* 



TNT 



RDX 



Decomposition energy 

Activation energy 
Pre-exponential factor 



300 cal/g 
34.4 kcal/mole 
2.51 X lO'Vs 



500cal/g 

47.1 kcal/mole 
2.02 X lO^Ve 



5.8 Other TiiemalStebilily Test Reeults. 



Results 



Vacuum 

D 1 A and pyrolysis 
Critical tempoature, Tm 
Chazge radius, a 



0.4-0.5 ml/g of gas evolved 

after 48 hat 120°C 
See Fig. 2 
20e«C 
3.5 mm 



6. DETONATION PROPERTIES 

€.1 DMonation Velocity.' 

Effect of Charge Radius 
Charge radius affects the detonation velocity of unconlined Cyclotol 75/25 cast to 
a density of 1.740 g/cm* as follows. 

D(R) - 8.210[(1 - 4.89 X 10-*/R) - 0.119/R(R - 2.44)] , 
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where D - detxmatkm velocity in millimeteis per microeecond, 
and R - charge radius in millimeters. 
The experimentally determined failure diameter is 6.0 mm. 
6.2 Detonation Pressure.* 



Detonation Detonation 
Weight Percent Density Velocity Pressure 

KDX (g/cm*) (mm/Ms) (GFa) 



77.0 1.743 8.252 31.25 
6.4 Plate Dent Test Results.* (See Part II for additional data. ) 

Charge Weight Dent Charge 

Diameter Percent Density Depth Height 

(mm) RDX (g/cm*) (mm) (mm) 



41.3 77 1.200 5.38 203 

41.3 77 1.743 9.24 203 

7. SHOCK INITIATION PROPERTIES 
7.1 Gap Test Results. 

Density Weight Percent Gm 

(g/cm*) RDX (nun) (mm) 

Large Scale 

1.756 77.0 42.85 0.23 

1.757 76.1 i:Mr> 0.15 
1.744 77.3 44.93 0.08 
1.750 77.9 44.17 1.30 

Small Scale 

1.7.37 — 0.38 0.05 

1.7 IB 77 O.IM 0.05 

1.752 77 0.34 0.06 
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7.8 Shook Hugoniot 

Density 
(g/cm*) 



Shock Hugoniot 



Particle Velocity Range 



1.752 U. = 2.63 + 1.85 Up 

where U, = shock velocity 
and Up = particle velocity. 



0 < Uo < 1.0 



7.4 Minimum Priming Charge." 



Density 
(g/cm*) 



Weight Percent 
RDX 



(mgofXTXSUOa) 



I,* 
(± logmg) 



1.749 
1.739 



75 
70 



785 
898 



0.054 
0.024 



7.5 Detonation Failure Thidcnesa." 



Density 
(g/cm*) 



Weight Percent 
RDX 



Failure Thickness 
(mm) 



1., 
(mm) 



1.752 



1 1 



1.51 



O.U 



8. SENSITIVITY 



8.1 Drop Weight Impact Height. 



Tool Type 



(cm) 



12 
12B 



36 
108 



8.2 Large-Scale Drop Test Height." 



Density 
(g/cm^) 



(ft) 



Reaction 



1.750 



>150 



No events 
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8.3 Skid Test Results. 



Weight Impact 
Density Peroent Angle 

(g/cm*) RDX (degrees) 



Target 
Surface 



Hm Overpressure 
(ft) (psi) 



1.768 



77 



15 



Sand and epiny 



<1.0 



8.4 Susan Test ResulU.'' 



Projectile 
Impact Velocity 
(ft/8) 



Relative 
Energ>' Release 
(%) 



200 

500 
1000 



5 

25 
50 



8.5 Spark Sensitivity. 



Electrode 



LeadFoU 

Thickness 
(mils) 



Sample Sise 
(mg) 



Energy 
(J) 



Oceurrenoeof 
EzpIoai«Mi 

(%) 



Brass 
Brass 



3 
10 



27 
27 



0.38 
3.29 



23 
23 



9. MECHANICAL PROPERTIES 



9.3 Comiiressive Strength and Modulus. 



Temperature 

(^C) 



Ultimate 
Ccnniiressive Strength 
(I»si) 



Compressive 

Modulus 
(psi X 10*) 



60 
0 
-40 



660 ± 150 
856 i: 200 
993 ^354 



0.74 ±0.3 
2.39 ± 0.3 
1.47 ± 0.06 
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1. GENERAL PROPERTIES 

1.1 Chemical and Physical Description. DATB (l,3-diamino-2.4,6- 
trinitrobenzene), C«H(Ns06, is a yellow crystalline solid. 

1.2 Common Use. DATB is a relatively insensitive, tenijierature-resistant high 
explosive of limited military application. To be used eHectively, it must be coated 

with a plastic (plastic-bonded explosive) or be mixed with liquid ingredients. 

1.3 Toxicity. Industrial health data on DATB toxicity are virtually nil. Animal 
exposure indicated no immediate hazard even at 8()°C. Although UA TR is relative- 
ly safe, it is from a homologous group that has caused skin sensitivity, cancer, and 
internal physical damage. 



2. MANUFACTURE AND PROCUREMENT 

2.1 Manufacture. DATB is synthesized from m-nitroaniline in two steps. The 
nitroaniline is nitrated with mixed sulfuric and nitric acids to give tetranitroaniline, 

which is then aminated using ammonia in methanol. DATB is insoluble in 
methanol and precipitates as it is formed. It may be recrystallized from 
dimethyllbrmamide or dimethylsultoxide. 
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2.2 Procuremetit. There is no dedicated DoD facility for DATB manufacture. It 
can be procured, on special order, from a few US chemical companies that have 
facilities for ^yntiiesizing energetic materials. 

2.3 Shipping.^ DATB is shipped as a Class A explosive. 

2.4 Storage.' DATB is stored dry in Compatibility Group D, Storage Class 1.1. 

3. CHEMICAL PROPERTIES 
3.1 Structural Formula. 




CH.N,0. 

3.2 Molecular Weight. 243.14 

3.3 Solubilltsr. 



Grams Dissolved/lOO g 
of Solvent 



Solvent 


40*0 


60"C 


Acetic anhydride 


0.492 




7-Butyrolactone 


0.810 




Cyclohexanone 


0.355 




D i m e t hy 1 f ( > r m a ni i de 


2.96 


4.88 


Dinut hylsLiUbxide 


4.56 


8.15 


Furmaniide 


0.282 




Nitromethane 


0.362 




Sulfuric acid 


22.2 


22.9 
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4. PHYSICAL PROPERTIES 

4.1 Crystal Structure.' * Two crystalline polymorphs nt' DA TB have been iden- 
tified. The cell parameters of Form I, stable to 217 °C, and of Form II are given. 



Cell Parameters 



Frnmil 



Form II 



Unit cell edge length (A) 

a 7.30 ±0.01 

b 5.20 i 0.01 

c 11.63 ±0.02 



7.76 
9.04 
12.84 



Angle /8 



95.90 ±0.3° 



103.0 



Molecules per unit cell 



4.2 Denilty. 



Method of 
Determination 



State 



Temperature 
(C») 



Dwitity it/cm*) 



Form I 



Form II 



X-ray 

Direct measurement 



Solid 
Solid 



23 
23 



1.838 
1.837 



1.84 
1.815 



DATB powder can be pressed into pellets. No quantitative pressing data is 
available. 

4.3 Infrared Spectrum. See Fig. 1. 
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Fig. 1. Infrared spectrum. 
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6. THEBMAL PROPERTIES 
5.1 Phase Changes.'-* 



Temperature Latent Heat 

Type («C) (kcal/mole) 



Solid'to-solid 
Form I to Form 11 217 

Solid-to-liquid 286 
Solid-to-gas 

Form I — 33.47' 



"Computed from vapor pressure data presented in Sec. 

6.2 Vapor Pressure.' 



Temperature Vapor Pressure 

C^C) (mmHgXlO') 



62.6 0.081 

78.2 0.879 

85.3 2.09-2.36 
97.6 9.12-9.80 

108.1 34 

A least squares fit to these data gives 

logioP(mmHg) = 13.73 - 33 470/4.576 T(K) 
5.3 Heat Capacity. 

Heat Capacity at Constant Pressure 

(cal/K- C) 



0.261 + 1.11 X10-«T 



DATB 

5.4 Thermal Conductivity. 

Conductivity 
(cal/s-cm-°C) 

b.iaxio-* 

5.6 Heals uf Combustion and Formation at 25°C.* 

IK AH? 
(kcal/mole) (kcal/mole) 

-711.6 -23.6 

5.7 Thermal Decomposition Kinetics.^ 

Decomposition energy 300 cal/g 
Activation energy 46.3 kcal/mole 
Pre-ezponential factor 1.17 x 10**/s 

5.8 Other Thermal Stability Test ResulU. 

Teit Results 



Vacuum 0. 1 -0.3 ml/g of gas evolved 

after 48hatl20°C 
DTAandpiyTolysis See Fig. 2 

Critical temperature, Tm 322 ° C 

Charpe radius, a 'M^ mm 

Density, p 1.74g/cm» 

6. DETONATION PROPERTIES 
6.1 DetoiiatioiiVelocity.*>* 

Effect of Density 

The infinite-diameter detonation velocity as a function of density is given by 

D = 2.480 + 2.852 p„ , 

where D = detonation velocity in millimeters per microsecond 
and po - charge density in grams per cubic centimeter. 
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The failure diameter of unconfined DATB pressed to a density of 1.816 g/cm* is 
approximately 5.3 mm. 

6.2 Detonation Pressure. 



Density 



Delonation 
Velocity 
(mmZ/ts) 



Detonation 

Pressure 
(GPa) 



1.780 



7:60 



25.1 



7. SHOCK INITIATION PROPERTIES 
7.1 Gap Tbst Results."* 



Density 


G. 




(g/on*) 


(nm) 


(mm) 




Large Scale 




0.81 


49.27 


0.23 


1.705 


46.36 


0.06 


1.786 


41.68 


0.18 




Small Scale 




1.801 


0.36 


0.10 



-| — 1 — ! — I — I — I — I — I — 1 — I — I — I — I — r 



z 

a 

X 

5 
S 



z 



T I r 



0- or* 




-J L 



400 



Fig. 2. DA 1 ii D l A and pyrolysis test results. 
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7.3 Shock Hugoniot." 



Density Shock Hugoniot 

is/cm*) {aun/iM) 



1.780 U, = (2.449 ± 0.043) + ( 1 .892 ± 0.058) Up. 

where U, = shock velocity 
and Up - particle velocity. 

7.4 Minimum Priming Charge. 

Density Wm Lts 

{g/ea^) (mgofXTXSOOS) (± logmg) 

1.783 57.1 0.106 

7.6 Detmation Failure Thickness. 

Density Failure ThiekiMfls Lm 

(g/cm*) (mm) (mm) 



8. SENSITIVITY 
8.1 Drop Weight Impact Height 



MO 

Tool Type (cm) 



12 >320 
12B 230 



1.708 0.630 0.069 

1.724 0.732 0.146 
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L GENERAL PROPERTIES 

1.1 Chemical and Physical Description. HMX, an explosive similar to RDX, 
was a byproduct in the production of RDX by the process that W. E. Bachmann 
and J. E. Sheehan developed. It has a higher density and much higher melting 
point than RDX. It was named HMX tor High Melting eXplosive. 

HMX, CfHaNsOa, is a colorless polycrystalline material. It is also known as' 
OGtahydro>l,3»5,7«tetranitro>l,3,5,7-tetrazocine, cyclotetramethylene-tetrani* 
tramine, and Octogen. 

1.2 Common Use. Because of its higher density, HMX has replaced RDX in ex- 
plosive applications for which energy and volume are important. It la used in 
castable TNT-based binary eaq>loBiveB called Octols; as the main ingredient in 
hi^-performance plastic-bonded explosives, and in hi^-performance solid 
propellants. 

1.3 Toxicity.^ The suggested maximum concentration of HMX in air is 1.5 

mg/m". 



^Unless otherwise specified, the properties listed are for the 0 polymorph. 
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2. MANUFACTURE AND PROCUBEBIENT 

2.1 Manufacture. A modified Bachmann batch process is used to produce 

HMX. Solutions ol hexamine in acetic acid and ammonium nitrate in nitric acid 
are added to a base ot acetic acid, acetic anhydride, and paraformaldehyde. A first 
period of continuous addition is followed by 15 minutes of aging, and a second 
period of continuous addition is followed by 1 hour ot aging. Then the reaction mix- 
ture is diluted with hot water and heated to boiling to destroy all linear compounds. 
Cooling, filtering, and water washing complete preparation of the product. The 
crude HMX is purified by recrystallization from acetone solution to give a final 
product that is up to 99% beta HMX. 

2.2 Procurement. HMX is purchased from the US Army Armament Readiness 
Command under Military Specification MIL-H-4544d, Amendment 1, dated July 
16, 1975. 

2.3 Shipping.' HMX is shipped as a Class A explosive and must be shipped wet 
with not less than 10% water. 

2.4 Storage.' HMX may be stored dry in Compatibility Group A or wet in Com- 
patibility Group D. Either wet or dry, it is in Storage Class 1.1. 



3. CH£MICAL PROPERTIES 
3.1 Struetural Formula. 



I' 

■C 



-NO, 



Hj— C 



C-H, 



0,N' 



C- 
I 



^NO, 



C4H,N,0, 
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3.2 Molecular Weight. 296.17 

3.3 Solubility. 

Gniiiu DiMolved/100 g of Sotvent 



SolveiBt 




40*C 


60*C 


Acetic add 








Glacial 


0.037 


0.044 


0.090 


70% 




0.033 


0.103 


Acetic anhydride 




1.29 


1.94 


Acetone 








Anhydrous 


2.4 


3.4 


mmm 


70% 


0.66 


1.20 


mmm 


Acetonitrile 




3.07 


4.34 


Cyclohezanone 


mmm 


5.91 


7.17 


Dimethyiformamide 


m mm 


6.1 


11.1 


Dimathylaulfioide 


mmm 


46.6 


47.2 



4. PHYSICAL PROPERTIES 

4.1 Crystal Structure.^ The cell parameters of the four polymorphic forms of 
HMX are given. 

Cell 

Parameters cc 0 v 6 



lAiit cell edge length (A) 

a 16.14 6.64 XO.96 7.66 

b 23.89 11.05 7.93 

c 5.91 7.37 14*61 32.49 

Angled — 102.8'* 119.4' 

Molecules per unit cell 8 2 4 6 
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4.2 Deuflity.* 

(g/cm*) 

Method of 

Determination State a p y 6 



X-ray Solid 1.838 1.902 1.78 L786 

Direct measurement Solid 1.84 1.905 1.76 1.80 

HMX cannot be consolidated into charges by conventional pressing. Obtaining 
large pieces of polycrystalline HMX requires solvent pressing techniques. 

4.3 Infrared Spectrum. See Fig. 1. 

4.4 Refractive Index.' The refractive indices of the four polymorphs in sodium 
light are shown. 



Face 



Alpha 
Beta 
Gamma 
Epsilon 

Omega 
Double 
retraction 



HMX Polymorph 



1.561- 1.565 1.589 1.5:^7 

1.562- 1.566 1.594-1.595 l..^S5 
1.720-1.740 1.730-1.773 1.666 



1.566 
1.607 



pes pes pos neg 




45 



Copyrighleci material 



HMX 



5. THERMAL PROPERTIES 

5.1 Phase Changes.*'' 

Latent Heat 

Temperature* 



Type ( C) (caVg) (keal/iiuile) 



Solid-to-Mlid 

/Stoa 102-104 2.0 0.6 

a to 7 Metastabie 

a to a 160-164 7.8 2.3 

Sdid-to-Uquid 

a 256-267 

fi 246-247 50.0 17.0 

-y 279-280 

a 280-281 

SoUd-to-gas — 141.4 41.89" 



■Then- i> some controversy about the temperature stability ranges of the four HMX 

pi)lyinnrphs. These data are Inmi Kef. ft. 
K'omputctl irom the vapor pressure data presented in Sec. 5.2. 



5.2 Vapor Preranre.* 



Temperature Vapor Pressure 

<«C) (mmHgxlO') 



97. H o.(m 

1U8.2 0.164 

115.6 0.385-0.419 

129.3 2.830-2.870 



A least squares fit to these data gives 

logic P(mm Hg) « 16.18 - 41 890/4.676 T(K) . 
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5.3 Heat Capacity. 



Heat Capacity 
at Constant Pressure 
(cal/g-°C) 



Temperature 

Range 



0.231 + 5.5 X 10 * T 



37 < T < 167 



5.4 Thermal Conductivity. 



10 



Conductivity 
(cal/8-cm-''C) 



Temperature 
CC) 



1.2 X 10* 
9.7 X 10 * 



160 



5.6 Heats of Combustion and Formation at 2o°C. 



Iccal/mole 



Iccal/mole 



-660.7 



11.3 



5.7 TliennalDecompoaitioii Kinetics.^*. 



Decomposition energy 500 cal/g 
Activation energy 52.7 kcal/raole 
Pre-expunential factor 5 x lO'Vs 



6.8 Other Tiiemial Stability Test Results. 



Test 



Results 



Vacuum 



0;1-0.4 ml/gof gas exolved 
after 48 h atl20'C 



DTA and pyrolysis 
Critical temperature, Tm 
Charge radius, a 
Density, p 



See Fig. 2 
253*C 

1.81 g/cm» 



HMX 



1 



I --T — T 1 [ 1 1 1 1 1 1 — 1 r- 




11*11 
i 












'J - 


1 1 1 1 1 1 L_-l 1 


J 1 1 1_ i 1 1 1 1 1 



0 «» 200 300 400 

TEMPCMTlWE rC) 

Fig. 2. HMX DTA and pyrolysis test results. 

6. DETONATION PROPERTIES 
6.1 OetonatimiVelocily.^* 

Detonation 

Density Velocity* 
Us/cm*) {nm/ft») 



1.69 9.110 



•Because HMX is a high-density 

version of RDX, their detonation 
velocities should be identical if 
they are compared at the same 
dmaiQr. 

6.2 Detonation PresBure." 



Computed 
Density Detonation PreMure 

(g/cm*) (GPa) 



1.900 39.6 
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6.3 Cylinder Test Resiilte.'^ 



Density 
(g/cm*) 

1.891 



Cylinder WeU Velocity 
{mm/lit) at 



1.65 



R-Ro= Idmin 



1.86 



7. SHOCK INITIATION 
7.1 Gap Test Resuito. 



Density 

(g/cm») 



1.07 



1.20 

1.79 
1.83 

7.2 Wedge Test Results. 



(mm) 
Large Scale 



70.68 
Small Scale 



8.53 
4.23 
4.04 



L,. 

(mm) 



0.71 



0.05 

0.10 
0.13 



Density 
1.891 



Distance, X ' , to Detonation 
(mm) 

logP » (1.18±0.02)-(0.59±0.03)logx*. 
tuyere P - pressure in gigapascals. 



Pressure Range 
(GPa) 

4.41<P<9.66 
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7.3 Shock HugonioU." 



Deniiity 

1.908 
1.80 



Shock Hugoniot 



2.74 + 2.6 Up,' 



Particle 
Velocity 
Range (min^is) 



U. 

U, a (2.901 ± 0.407) •¥ (2.058 ± 0.490) Up, 0.59 < Up < 1.04 

ndiereU, » shock velocity 
and Up * particle vek>city. 



"Computed from isothermal cumpret>siun data, 
Um = 2.e7 + 2.6 Up^ 

wh«re the subscripts "st" and "jpi" indicate the shock and particle velocitieR. respectively, at 
constant tempnratuie. 



8. SENSITIVITY 
8.1 Drop Weight Impact Height. 

Hh 

Tool Type (cm) 



12 26 
12B 37 

8.5 Spark Sensitivity. 



Lead Foil Sample Occurrence of 

Thickness Size Energy Explosion 
Electrode (mils) (mg) (J) (%) 



Brass 3 (56.9 0.2 50 

Brass 10 66.9 1.03 50 

Steel 1 75.0 0.12 50 

Steel 10 75.0 0.87 50 
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1. G£N£RALPR0P£HT1£S 

1.1 Chemical and Physical Description. Nitroguanidine (NQ), CH4N4O2, is a 
colorless polyczystalline material, generally in the form of a low-density matted 
structure. It is also known as Picrite. 

1.2 Common Use. NQ is used extensively as an ingredient in gun propellants, 
because the combustion products of such propellants are less erosive than those of 
other propellants of equivalent energy. 

2. MANUFACTURE AND PROCUREMENT 

2.1 Manufiicture.*'* The procedures used to produce NQ are the British aqueous 
fusion (BAF) and the urea/ammonium nitrate processes. The United States uses a 
modified BAF process. Calcium carbide is reacted with nitrogen to form calcium 
cyanamide. The calcium cyanamide is reacted with carbon dioxide and water to 
form cyanamide. This is reacted with ammonium nitrate to form guanidine nitrate 
(GuN). GuN is reacted with 40 wt% oleum to form nitroguanidine. Final purifica- 
tion of the NQ is by crystallization from water. 

2.2 Procurement. NQ is purchased ftim the US Army Armament Readiness 
Command tmder military specification MIL-N-494A, dated January 31, 1964. 

2.3 Shipping.' NQ is shipped dry as a Class A explosive. 

2.4 Storage.^ NQ is stored dry in Compatibility Group D, Storage C lass 1.1. 



52 



Copyrighted matBrial 



NQ 



3. CHEMICAL PROPERTIES 

3.1 Structural Formula.'*' 

CH,N40, 

3.2 Molecular Weight. 104.1 

3.3 Sotubillty. 

Grams Dissolved/ 100 g of Solvent 
Solvent 20°C 40°C 6^0 



Water 


().H6 


0.76 


1.6 


Dimethyl sulfoxide 


24 


25 


28 


Dimethyl formamide 


14 




20 


Methanol 


0.3 


0.6 




Methyl ethyl ketone 


0.13 


0.20 




Butyl acetate 


0.07 


0.08 


0.1 


n-octane 


0.003 


0.008 





4. PHYSICAL PROPERTIES 

4.1 Crystal Structure.'** Only one polymorph of NQ has been observed. The 
orthorhombic unit cell parameters are given. 

Cell Parameters 



Length of unit cell edge (A) 



a 17.58 

b 24.84 

c 3.58 

Molecules per unit cell 1& 
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4.2 Density.^ 



Crystal 



Method of 
Determina tion 



State 



Temperature 



Density 
(g/cm») 



X-ray 

Direct meaBurement 



Solid 



25 



1.78 
1.77 



NQ can be pressed to a density of 1.70 g/cm* at a pressure of 20 000 psi. 
4.3 Infrared Spectrum. See Fig. 1. 



4.4 ReAraetivelndez.^ 



Refractive Index 
in6893-AUcht 



a 
y 



1.H94 
1.81 



lOO 



%T 




Fig, 1. Infrared spectrum. 



WAVE NUMBER I I/en) 
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S. THERMAL PROPERTIES 
5.1 Phase Change. 



Type Temperature 



Solid-to-liquid 245-250* 



'Melting is usually preceded by decomposi- 
tion, wAaah n very rajud in tisa liquid 



NQ 



5.3 Heat Capacity. 



Heat Capacity at 

Constant Pressure Temperature Range 

Matwial (cal/g-«C) CO 



LBD NQ' 0.242 + 0.0011 Ti^'C) 37 < T < 167 

HBD NQ* 0.269 + 0.0007 T(»C) 37 < T < 167 



*L(>w-butk den.sity, in accordance with material ^pccilicalion MII.-N-494A. 
^High-bulk density NQ recrystallized from water, median panicle diameter '^^HMI^m. 



5.4 Thermal Conductivity. 

Density Conductivity Temperature Range 

Material (g/cm*) (ca]/cin-i-*'C) (C«) 



LBDNQ 1.65 10.1 xlO-" 25<T<50 

1,69 9.8xl0-« 26<T<50 



55 



Copyrighted material 



NQ 



5.6 Heats of Combustion and Fonnation at 25<>C.' 



ah; 

(kcal/mole) 



(kcal/mole) 



-210.4 



-20.29 



5.7 Thennal Decomposition KineticB."^^* 



DeoompoBition energy 
Activation energy 
Pie-exponential factor 



Source 



Rer.lO 



500cal/g 

20.9 kcal/mole 
2.84x1078 



5.8 Other Thermal StabiUty Test Resulto. 



Ref.ll 



57.1 kcal/mole 
8.76 X 



Test 



Vacuum 



Beralts 



Gas evolved after 48 h 
atl20*C(m]/g) 



NQperMIL-N-494A 

Water recrvstallized HBD NQ 
DMF recrystallized HBD NQ 

DTA and pyrolysis 
Critical temperature, Tkn 
Charge radius, a 
Density, p 



0.0-1.0 

1.4-3.6 
0.6-1.2 

See Fig. 2 
198*C 
3.9 mm 
1.63g/cm» 
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i 




I — : ' • ■ 

0 lOO too MO 400 

TEMPERATURE rc» 

Fig. 2. NQ DTA and pyrolysis test results. 



6. DETONATION PROPERTIES 
6.1 Detonation Velocity.*' 

Effect of Density 

The effect of density on the infinite-diameter detonation velocity is given by 
D« » 1.44 + 4.015 p, for 0.3 < < 1-78, 

where D„ = infinite-diameter detonation velocity in millimeters per microse- 
cond, 

and po ■ density in grams per cubic centimeto*. 

Failure Diameter 
The LBD NQ failure diameter as a function of ciiarge density is shown. 

Charge Diameter 

(mm) 

Chaiye Dentil 

ig/em*) Detonates Fails 



1.0 25.4 

1.21 15.9 14.3 

1.62 14.3 12.7 
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6.2 Detonation Pressure. There are no experimontal data on NQ detonation 
pressure. However, there is one data point from a mixture of 95 wt% NQ and 5 wt% 
Estane. The results are as follows. 



Material 



Density 
(g/em*) 



Detonation 

Velocity 



Detonation 

Pressure 
(GPa) 



95wt%NQ/ 
5 wt% Estane 



1.704 



8.28 



26.8 



6.4 Plate Dent Test Results. 



Charge Diameter 
(mm) 



Density 



Dent Depth 
(mm) 



OiargeHeiglit 
(mm) 



12.7 
12.7 



0.25 
0.40 



0.56 
0.79 



76.2 
76.2 



7. SHOCK INITIATION PROPERTIES 



7.1 Gap Test Beaults. 



Density 
(g/cm*) 



(mm) 



(mm) 



Laitge Scale 



1.608 



5.00 



0.5 
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7.2 WedfeTestBeBults. 

IMttance, x*. and Hme, t*, 
Density to Detonation Pressure Range 

{g/ewf) (mm and MB) (GPa) 

1.659 to log P = (1.44±0.07)-(0.15i:0.08) log x* 13.36 < P < 26.28 

1.723- log P - (1.32d:0;03)*(0.15±0.07) log t* 



1.688" log P = (1.51±0.02)-(0.26±0.03) log x* 21.2 < P < 27.1 



■N(J niffiian particle diameter. :l(K) /jiii. as cuhit trystals. 

*NCj as lonti needle crystals with a needle diameter ol a lew niii ronu'ters. 



7.3 Shock Hugoniots. 

Density Shock Hugoniots Particle Velocity liange 

(g/cm*) (nurv/is) (nun/Ms) 

1.659to* U,= (3.544±0.524)+(1.469±0.276)Up, 1.337 < Up < 2.220 

1.723 



1.688^ U,= (3.048±0.254)+(1.725±0.135) Up. 1.172 < Up < 2.336 

where U. = shock velocity 
and Up ■ particle vdocity. 



•NQ median particle diameter. :10(I ^m. as rubic irvslals. 

as lung needle cr>iilals with a needle diameter ol a lew iniininielers. 



59 



Copyrighted material 



NQ 

8. SENSITIVITY 
8.1 Drop Wdght Impact Height. 

Tool Type (cm) 



12 >320 
12B >320 
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1. GENERAL PROPERTIES 

1.1 Chemical and Physical Description. Octol is the generic term for mixtures 
of TNT and HMX. In the United States, the mixtures consist of 76 wt% HMX and 
26 wt% TNT (Type I) or 70 wt% HMX and 30 wt% TNT (Type H), also caUed Octol 

76/!26 and Octol 70/30. Neither mixture contains a desensitizer. To improve the flow 
characteristics of the molten form, a bimodal distribution of HMX crystals general- 
ly is used. 

1.2 Common Use. Octol is often used as an explosive fill in military applications 
that require more energy than either Comp B or TVpe I Cyclotol can provide. 

1.3 Toxicity.' ' Octol toxicity is like that of HMX and TNT. 

The suggested maximum concentration of HMX in air is 1.5 mg/m*. 

Inhaled TNT vapor or dust may irritate mucous membranes and cause sneezing, 
coughing, and sore throat. TNT may produce toxic hepatitis and aplastic anemia. 
TNT yellows the exposed skin, hair, and nails of workers. Dermatitis, erythema, 
papules, and itchy eczema can be severe. Ingestion of 1>2 g of TNT is estimated to 
be an acute fatal dose to humans. The suggested maximum permissible airborne 
dust concentration is 0.6 mg/m*. 

2. MANUFACTURE AND PROCUREMENT 

2.1 Manufacture. Octols are rnanulactured from TNT and water-wet HMX. 
The TNT is melted in a steam-jacketed kettle equipped with a stirrer and brought 
to about lOCC. The wet HMX is added slowly, and stirring is continued until the 
water is evaporated. The slurry temperature is reduced until the viscodly is 
satisfactory for casting. The octol is cast onto a ccmtinuous belt as strips or chips. 
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These are shipped to an ordnance plant, remelted, and cast into ammunition or into 
other desired shapes. During this melting, other additives may be introduced. To 
increase the density of the cast charges, a vacuum may be applied to the molten 

octoi before casting. 

2.2 Procuremoit. Octol is purchased from the US Army Armament Command 
under military specification MIL-0-46445A, dated September 30, 1962. 

2.3 Shipping.* Octol is shipped as a Class A explosive. 

2.4 Storage.* Octol is stored in Compatibility Group D, Storage Class 1.1. 

3. CHEMICAL PROPERTIES 
8.1 Conqiotition. 



Type I 



Type II 



Constituent 



Weight 
Percent 



Volume 
Percent 



Weight 
Percent 



Volume 
Percent 



HMX 
TNT 



75 
25 



72.3 
27.7 



70 
30 



66.9 
33.1 
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3.2 Molecular Weight. 

ConstituHit 
HMX 



TNT 



OCTOL 



Stmcture Molecular Weight 



296.17 




227.13 



63 



Copyrighted matBrial 



OCTOL 



3.3 Solubility.' The solubility is that of the components, HMX and TNT. 



Grams of HMX Oissolved/lOO f «f Soivent 



Solvent 


20^C 


40'»C 


60^C 


Acetic acid 








Glacial 


0.037 


0.044 


0.090 


IV /o 




0.033 


0.103 


Acetic anhydride 




1.29 


1.94 


Acetone 








Anhydrous 


2.4 


3.4 




70% 


0.66 


1.20 




Acetonitrile 




3.07 


4.34 


Cyclohexanone 




5.91 


7.17 


Dimethyltormamide 




6.1 


11.1 


Dimethylsulfozide 




45.5 


47.2 




Grams of TNT Dieaolved/IM g Solvent 


Solvent 


20*C 




60-C 


t^K- tr I 1 / I I IT 


109.0 




6(X).0 


tukn '7 Ana 


67.0 


180.0 


478.0 


Riitvt Mirhinnl Rcetiite 


24.0 






uarDon auuitiue 


0.48 


1.53 




Carhnn tetrachloride 


0.65 


1.76 


6.90 


Chlorobenzene 


33.9 






Chloroform 


19.0 


66.0 


302.0 


Diethyl ether 


3.29 






Ethanol (95%) 


1.23 


2.92 


8.30 


Ethylene chloride 


18.7 






Hexane 


0.16 






Methyl acetate 


72.1 






Toluene 


55.0 


130.0 


367.0 


Trichloroethylene 


3.04 






Water 


0.0130 


0.0285 


0.0675 
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4. PHYSICALPROPERHES 

4.2 Density. 



Material 



Theoretical 

Density 



Density of Typical Casting 



Open Melt 



Vacuum Melt 



Type I, 
Octol 75/25 

Octol 70/30 



1.836 
1.822 



1.800 



1.790 



1.810-1.825 



1.806-1.810 



4.3 Infrared Speetmm. See Fig. 1. 



WAVELEN6TH tftm) 

e t 10 

n T n— I 



%T 




3000 1000 noo leoo 
WAVe NUMBCR (I/cm) 



Fig, I. Infrared spectrum. 
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5. THERMAL PROPERTIES 



5.1 Phase Changes. 



Temperatuie 

CC) 



Latent Heat 
(caVg) 



7fi/26 



70/30 



Solid-to-slurry 



79 



6^7 



7.05 



5.6 Heats of Combustion and Formation.* 



Constitueiit 



(kcal/mole) 



ABU 
{koAfyaok) 



TNT 
HMX 



-817.2 
-660.7 



-12.2 
11.3 



5.7 Thermal Decomposition Kinetics.^ 



TNT 



HMX 



Decompositiun energy 
Activation energy 
Pie-exponential factor 



M) cai/g 
34.4IccaI/mnle 
2.5 X 10"/s 



aOOcal/g 
62.7 kcal/mole 
6 X lO^Va 



5.8 Other Thermal Stability Test Results. 



Test 



Results 



Vacuum 



0.1-0.4 ml/g <>t ga.s evolved 
after48hatl20«C 



DT.A and pyrolysis 
Oitical temperature, Tin 
Charge radius, a 
Density, p 



See Fig. 2 
2S\°C 
3.7 mm 
1.70 g/cm' 
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0 wo KB 400 



Fig. 2. Octol DTA and pyrolysis test results. 

6. DETONATION PROPERTIES 

6.1 DetonatioiiVdoelty.* 

Effect of Charge Radius 
Charge radius affects the detonation velocity of unconfined Octol 77/23 cast to a 
density of 1.814 g/cm' as follows. 

D(R) = 8.481[(1 - 6.9 X IQ-'/R) - (9.25 X lO WR " 1.34)J , 

where D » detonation velocity in millimeters per microsecond 

and R » charge radius in millimeters. 

The experimentally determined lailure diameter is <6.4 mm. 

6.2 Detonation Pressure. 

Detonation Detonation 
Weight Percent Density Vdoeity Pressure 

KMX (g/bm') {mm/iiM) (GPa) 

76.3 1.809 8.452 33.8 
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6.4 Plate Dent Test Resulta. 



Charge Weight Dent Charge 

Diameter Percent Density Depth Height 

(mm) HMX (g/cm') (mm) (nun) 



41.3 76.3 1.809 10.06 203 

41.3 76.4 1.8Q2 9.99 127 



7. SHOCK INITIATION PROPERTIES 



7.1 Gap Test Results.* 

Weight Percent Density G,o L,. 

HMX (g/cm*) (mm) (mm) 



Large Scale 


76.0 


1.822 


49:45 


0;2 


a 


1.726 


48.59 


0.41 


a 


1.795 


43.56 


0.46 




Small Scale 






76.0 


1.803 


0.71 


0.08 


76.0 


1.810 


0.5S 




78.6 


1.800*' 


0.56 


0.06 


c 


1.776 


0.41 


0.05 


d 


1.791 


0.36 


0;05 



•UK EDC l nominal 75 wt% HMX with some RDX. 

"With 1 \vt °o wax. 

'UK cast in the United Kingdom. 

«UK EIXi-1 vacuum cart in the United States. 



7.3 Shock HngonloU.** 

Density Weight Percent Shock Hngoniot Particle Velocity Range 

(g/cm*) HMX imm/iM) (nuq/Me) 



1.80 75 U. = 3.01 + 1 .72 Up. 0 < Up < 1.5 

where U, = shock velocity 
and Up = particle velocity 
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7.4 Minimum Priming Charge.* 



Density 
(g/cm*) 



Weight Percent 
HMX 



(iiigofXTX8003) 



(± log mg) 



1.818 



7.5 DetonatioiiFaUareTliiclaiess.* 



292 



0.028 



Density 



Weight Percent 
HMX 



Failure TliidmeM 
(mm) 



(mm) 



1,791 



76 



1.43 



0.21 



8. SENSITIVITY 
8. 1 Drop Weight Impact Height. 



Tool Type 



(cm) 



12 
12B 



38 
93 



8.2 Large-Scale Drop Test Height.'' 

Density Weight Percent 

(g/cm*) HMX 



1.310 
1.805 
1.766 



75 
76* 
b 



(ft) 

45 
-150 
-110 



Reaction 



Low-order partial 

Low -order partial 
Low-order partial 



■Octol 75/25 with 1 wt% wax. 

*UK EDC-1 cast in the United Kingdom. 
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8.3 Skid Test Results. 



Density 
(g/cm') 

1.810 
1.806 



Weight 

Percent 
HMX 

76 
a 



■Cast with 1 wt% wax. 



Impact 
Angle 
(degrees) 

45 
46 



Target 
Surface 



(ft) 



Sand and epozy ~75 
Sand and epoxy > ISO 



Reaction 
Overpressure 
(PBi) 

0.1 



8.4 Susan Test Results.^* 



Projectile Impaet Velocity 

(fl/s) 



Relative Energy Release 

(%) 



200 
400 
1000 



0 

20 

60 



8.5 Spark Senaitivily. 

Lead Foil Sample 
Thiclcness Size 
Electrode (mils) (mg) 



Energy 
(J) 



Occurrence of 
Explosion 
(%) 



Brass 
Brass 



3 
10 



29 
29 



0.82 
4.36 



17 
17 



9. MECHANICAL PROPERTIES 



9.3 Compressive Strength and Modulus. 



Temperature 

CC) 



Weiglit Ultimate Compressive 
Density Percent Strength 
(g/cm*) HMX (psi) 



Compressive 

Modulus 
<psixlO-<) 



Ambient 



1.821.1.824 



76 



2000-2340 



8.0 to 13.4 
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1. GENERAL PROPERTIES 

1.1 Chemical and Phyiical DeMription. PBX 9011 is composed of HMX 
bonded with Estane 5703. The molding powder is off-white to light brown. 

1.2 Common Use. PBX 9011 is a high-performance explosive that is used in a 
variety of special applications in nuclear ordnance. 

1.3 Toxicity.^ Estane 5703 is not toxic. The suggested maximum concentration 

of HMX in air is 1.5 mg/m*. 



2. MANUFACTURE AND PROCUREMENT 

2.1 Manufacture. PBX-9011 molding powder is prepared by the water slurry 
process. An Estane lacquer is prepared in a water-immiscible solvent. This is added 
to a water slurry containing a bimodal distribution of HMX crystals. During solvent 
removal by distillation, the plastic uniformly coats and agglomerates the HMX 
crystals in the water phase. The process variables must be controlled closely to 
produce satisfactory agglomerates, composition, and bulk density. 
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2.2 ProcaremeiiL PBX 9011 is purchased from the US Anny Armament 
Readiness Command under LASL material specification 13Y-101030 Rev. B, dated 
January 9, 1967. 

2.3 Shipping.' PBX-9011 molding powder is shipped as a Class A explosive. 

2.4 Storage.' PBX 9011 is stored in Compatibility Group D, Storage Class 1.1. 

3. CHEMICAL PROPERTIES 
3.1 Compodtlon. 



Constituent 



Weight 

Percent 



Volmiie 
Percent 



HMX 

&tane6703 



90 
10 



84.9 
15.1 



3.2 Molecular Weight. 



StrnetuFe 



Molecular Weight 



HMX 



'N C 



-NO, 



296.17 



0,N' 



.N- 



N 



CAN.O, 

o, 



Estane jHO-jcHji^-o j c-o-(CH2»^-oj^-c-N-Q-c-Q-N-c-c-| 



100.0 



Ci.uH».iNo.i»»0 
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3.3 Solubility. The solubility is that ot HMX. 



Grams of HMX Dissolved/ lUO g of Solvent 



noivent 


20 C 


40 L 


dO C 


Acetic acid 








Glacial 


0.037 


0.044 


0.090 


70% 




0.033 


0.103 


Acetic anhydride 




1.29 


1.94 


Acetone 








Anhydrous 


2.4 


3.4 




70% 


0.66 


1.20 




Acetonitrile 




3.07 


4.34 


Cycic^exanone 




5.91 


7.17 


Dimethyliormamide 




6.1 


11.1 


Dimethylsulfoxide 




45.5 


47.2 



4. PHYSICAL PROPERTIES 
4.2 Density. 

Theoretical Density of Typical 

Density Pkress«dC!littges 

(g/cm') (CW) 



1.795 1.770 

The following densities are obtained by vacuum pressing (residual pressure <10* 
lim Hg) molding powder with a 3-min dwell. 



Density (fi^em*) with Powder 
Pielieated to 

Pressure — 
(psi) 70*C lOO'C 



10 000 1.762 1.768 

12 500 1.759 1.770 

15 000 1.759 1.771 

20 000 1.760 1.772 
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4.8 Infrared Speetnim. See Fig. 1. 



6. THERMAL PROPERTIES 



6.1 Phase Changes. 



Type 



Tempera tun 

(^C) 



Latent Heat 
(caVg) 



/3-to-j soUd-to*8oIid 
in KMX 

6.3 Heat Capacity. 



190 



9.2 



Heat Capacity 
at Constant Pressure 
(caVg--C) 



Temperature 
Range 



0.269 + 6.3 X10-«T 



17<T<ie7 



6.4 Thermal Condttctivily. 



Density 
(g/cm*) 



Conductivity 
(cal/s-cm-°C) 



1.772 



9.08rl0-« 



%T 



WAVELENGTH (^m) 

6 B 




Fig. 1. Infrared spectrum. 



WAVE NUIMEIt Cl/Ml 
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5.5 Coefficient of Thermal Expansion. 



Density 

1.762 



Coefficient of Expansion 

(l/'C) 

22.2xl0-» 



5.6 Heats of Combustion and Formation. 



ConstltiMBt 



HMX 



ah; 

(kcal/hide) 

>660.7 



5.7 Thermal Decomposition Kinetics.* 



Decomposition energy 

Activation energy 
Pre-exponential factor 



26 < T < 74 



AH? 
(koal^nole) 

11.3 



HMX 



500cal/g 

52.7 kcal/mole 
5 X lO'Vs 



5.8 Other Thermal SUbility Test Results. 

Test Results 



Vacuum 

DTA and pyrolysis 



0.3-0.9 ml/g of gas evolved 

after 48 h at 120°C 
See Fig. 2 
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Fig. 2. PHX yon DTA and pyrolysis test results. 

6. DETONATION PROPERTIES 

6.1 Detonation Velocity. 

Effect of Charge Radius 

At a density of 1.767 g/cm', the infinite-radius detonation velocity of unconiined 
changes is 4.26 mm/ps. The failtue radius has not been detennined. 

6.2 Detonation Pressure. 

Density DetonatiimVeloeily Detenstion Preimre 

(8/cm*) (mm/Ms) (OPa> 

1.767 8.6 29.8 
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6.3 Cylinder T^Bt Results.' 

Detonation 
Density Velocity 
(</<atf) jmsn/fts) 

1.777 8.60 

6.4 Plate Dent Test Results. 

Density 
(g/cm*) 

1.786 



Cylinder WaU Velocity 
{mm/iiB) at 

R-Rq = 5 nun R-R^ = 19 mm 

1.46 1.^ 



Dent Depth 
(mm) 



9.86 



7. SHOCK INITIATION PROPERTIES 
7.1 Gap Test Resulte. 



Density 




L95 


(g/cm*) 


(nun) 


(mm) 




Larjie Scale 




0.86 


67.81 


0.20 


1.761 


61.97 


0.41 


1.766 


61.96 


0.33 




Small Scale 




0.88 


6.16 


0.07 


1.759 


1.19 


0.16 


1.766 


1.27 


0.13 


1.775 


0.64 


0.06 


1.788 


0.56 


0.08 
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7.2 Wedge Test Results. 

Distance, x*, and Time, t*, Pressure 

Density to Detonation Range 

(g/cm*) (mmand^s) (GPa) 



1.790 



logP= (1.18±0,ni)-(0.66±0.0*2)losx*, 
logP = (O.TJ±().()l)-(0.55±().()Dlogf, 
where P = pressure in gigapascals. 



7.3 SheekHngoniot. 



Density 
(g/cm») 



Shock Hugoniot 
{mm/fis) 



4.82 < P < 15.65 



Particle 
Velocity Range 
(miq/MS) 



1.790 



U. - (2.363±0.131)+(2.513±0.141) Up 
where U, « shock velocity 
and Up » particle velocity. 



0.65 < U„ < 1.43 



7.4 Minimum Priming Charge.' 



Density 



(mgofxixMOS) 



<db togmg) 



1.772 
1.765" 



153 
58 



0.021 
0.058 



•Prepared with 1/4 i:ia«s A and ;V4 Class B HM.X. 
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7.5 Detonation Failure Thickness.* 



Density 



Failure ThickiwM 
(nun) 



(nun) 



1.770 



0.610 



0.081 



8. SENSITIVITY 
8.1 Drop Weight Impact Height. 



Tool Type 



(cm) 



12 
12B 



66 
67 



8.2 Large-Scale Drop Test Height. 



Density 
(gAan') 



(11) 



Reaction 



1.773 



96 



Very small partial, 
overpressure, <0.2 psi 



8.3 Sidd Test Results. 



Density 
(g/cm*) 



Impact 
Angle 
(degrees) 



Target 
Suifioe 



Ho 
(ft) 



Reaction 
Overpressure 
(psi) 



1.773 
1.773 



46 
46 



Garnet paper 
Garnet paper 



78 
4« 



<0.6 
<0.5 



•HE cooled to -29*C. 
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8.4 Susan Test Regults.* 



Projectile Impact 
Velocity 
(ft/«) 



Relative Energy 
Release 
(%) 



190 
400 

eoo 

800 
1000 



0 

5 

22 

40 

50 



8.5 Spark Sensitivity. 



Electrode 



Lead Foil 
TUckness 

(mils) 



Sample 
Size 

(mg) 



Energy 

(J) 



Occurrence of 
Exploalon 

(%) 



Brass 
Brass 



3 

10 



30 
30 



1.09 
2.77 



33 
33 



9. MECHANICAL PROPERTIES 

9.2 Tensile Strength and Modulus. 



Temperature 

CC) 



Density 



Ultimate 
Tensile StNocth 
(P«i) 



Tensile 
Modulus 
(pairlO-*) 



74 
49 
24 
•18 
-64 



1.780 
1.780 
1.780 
1.780 
1.780 



52 
108 
608 
920 
1118 



0.7 
3.0 
29.0 
91.0 
138.0 
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9.3 Compressive Strength and Modulus 

UltiiiwtoCfHniinMMive Comprenive 



TeBiperatiuw Density Strength Modulus 

(*>C) (g/eaaaf) <pd) (piirlO*) 



74 1.783 180 2.1 

49 1.786 370 3.0 

24 1.782 1070 17.9 

-18 1.786 3620 48.0 

.54 1.783 9680 124.0 

9.4 Shear Strength and Modulus. 

Ultimate 

Temperature Denrily Shear Strength 

CO (g/em») (pd) 



74 1.780 130 

49 1.780 190 

24 1.780 530 

-18 1.780 910 

-64 1.780 2790 
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1. GENERAL PROPERTIES 

1.1 Chemical and Physical Description. Plastic-bonded explosive PBX 9404 is 
composed of HMX bonded with nitrocellulose (NC) and with tris-beta 
chloroethylphoaphate (CEF) as the plasticizer. A small quantity of diphenylamine 
(DPA) is added to stabilize the NC. The molding powder is off-white at time of 
manufacture. As the NC decomposes, the DPA reacts with the decomposition 
products, and the color changes from white to li^ht hhif, dark bhie. and finally a 
yellow- brown. The color can be used to estimate the temperature storage history of 
the powder or molded piece. 

1.2 Conunon Use. PBX 9404 is a high-performance high explosive used in 
nuclear ordnance. 

1.3 Toxicity.^'* The suf?gested maximum concentration ot HMX in air is 1.5 
mg/m*. We have no data on NC toxicity. The toxicity of CEF is unknown; DPA is 
highly toxic if inhaled or absorbed through the skin. 
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2. MANUFACTURE AND PROCUREMENT 

2.1 Manufacture. PBX-9404 molding powder is prepared by the water slurry 
process. A lacquer of NC, CEF. and DPA is prepared in a water-inimisciblo solvent. 
This is added to a water slurry containing a bimodal distribution ot HMX crystals. 
During solvent removal by distillation, the plastic, plasticiser, and stabilizer uni- 
formly coat and agglomerate the HMX crystab in the wator phase. The process 
variables must be closely controlled to produce satisfactory agglomerates, composi- 
tion, and bulk density. 

2.2 Procurement. PBX 9404 is purchased from the US Army Armament 
Readiness Command under LASL material specification 13Y- 103159 Rev. B, dated 
June 16, 1970. 

2.3 Shipping.* PBX-9404 molding powder is shipped as a Class A explosive. 

2.4 Storage.«PBX9404 is stored m Compatibility Group D, Storage Class 1.1. 

3. CHEMICAL PROPERTIES 
3.1 Composition. 



Constituent 



Weight 
Percent 



Volume 
Percent 



HMX 
NC 
CEF 
DPA 



94.0 
3:0 
3.0 
0.1 



92.5 
3.6 
3.9 
0.1 
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3.2 Molecular Weight. 



Cdnstitueiit 



Structure 



Mdecular 
Weight 



HMX 



* ^ C — ^ 



C— H, 



296.17 



.N- 



I 

"2 



•N. 



CAN,0, 



NC 



ONO, 
CH, 

c — o 

/ \ /O- 



cn^ OH 



H 



(262.64), 



IC,H^,0,J, 



CEF 



DPA 



(ClCH,CH,O),-P=0 
C.HuO,Cl,P 



286.0 



CuHiiN 



169.22 
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3.3 SolubOity.ThesolubiUtyisthatofHMX. 

Grams of HMX Dissolved/100 g of Solvent 



efoivent 








Acetic acid 








Glacial 


0.037 


0.044 


0.090 


70% 




0.033 


0.103 


Acetic anhydride 




1.29 


1.94 


Acetone 








Anhydrous 


2.4 


3.4 




70% 


0.66 


1.20 




Acetonitrile 




3.07 


4.34 






5.91 


7.17 


iJinuM li\ Uormamide 




6.1 


11.1 


Dimet hyi.sulfoxide 




45.6 


47.2 



4. PHYSICAL PROPERTIES 
4.2 Deiwlly. 



Theoretical Density 
(g/cm*) 



1.873 



Density of lypical 
Pressed Charges 
(g/cm*) 

1.840 



The following densities are obtained by vacuum pressing (residual pressure <10* 
Hg) hot (80^0) molding powder with a 4-min dwell. 



Pressure 
(psi) 

lOOOO 

12 000 
15000 



Density 

(g/cm*) 

1.8204.825 

1. 830-1. a35 
1.835-1.845 
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4.3 Infrared Spectrum, See Fig. 1. 



5. THERMAL PROPERTIES 
5.1 Phase Changes. 



Type 



Temperature 



Latent Heat 
(caVg) 



0'to4 8olid-to-8olid 
inHMX 



190 



9.2 



5.3 Heat Capacity. 



Heat Capacity 
at Constant Pressure 
(ca|/g.«C) 



Temperature 
Range 



0.224 + 7 X 10 -♦T 



7<T<147 



5.4 Th^mal Conductivity. 



Density 
(g/cm*) 



Conductivity 
(ca]/s-cin-<>C) 



1.845 



9.2 X 10-* 



%T 



WAVELENGTH (^m) 
6 a 




Fig. I. Infiwred spectrum. 



WAVE NUMSn(l/Mi> 
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5.5 Coeffldent of Themial Expansion. 



Density 
<g/cni') 

1.840 



Coefficient of 
Expansion 
<1/*C) 

4.7 X 10-» 



5.6 Heats of Combustion and Formation. 



Constituent 

HMX 

NO 

CEF 



ah: 

(kcal/mole) 

-660.7 



5.7 Tliermal I>ecomposition Kinetics.' 



Temperature 
Range 

25<T<70 



AH? 
(kcal/mole) 

11.3 
-200 
-300.0 



Constituent 



Proper^ 



Decomposition energy 
Activation enwgy 
Pre-exponentiai factor 



PBX 9404* 



31.3 kcal/mole 
4.3 X 10*V8 



HMX 



500 cal/g 
52.7 kcal/mole 
6 X 10»/8 



"Reflects NC decomposition. 
5.8 OtlierTliernuaStobility Test Results. 

Test 



Results 



Vacuum 

DTA and pyiolysis 



1.3-4.0 ml/g of gas evolved 
after 48 hat 120 ■=€ 
See Fig. 2 
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Fig. 2. PBX 9404 DTA and pyiolysis test results. 



6. DETONATION PROPERTIES 

6.1 Detonation Velocity.* 

Effect of Charge Radius 

Charge radius affects the detonation velocity of unconfined PBX-9404 charges 
pressed to a density of 1.846 g/cm' as follows. 

D(R) = 8.7761(1 - 0.89 X 10" W - 4.9 X lO '/IKR - 0.533)J , 

where D = detonation velocity in millimeters per microsecond 

and R = charge radius in millimeters. 

The experimentally determined failure diameter is 1.18 mm. 

6.2 Detonation Pressure. 

Detonation Detonation 
Dmsity Velocily Pressure 

(^cm*) imm/tta) (GPa) 

1.844 8.802* 36.8 

•Note that this value is greater than the inlinile-diameter 
velocity reported in Section 6.1. 
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6.3 C^ylinderTestReralU. 



PBX9404 



Density 
(g/cm*) 



Detonation 

Velocity 
(nun/its) 



Qylinder Wail Velocity 
(nun//us) at 



R ~ Bi0 — 5 nun 



R-Ro= 19 nun 



1.846 



8.781 



1.556 



1.787 



6.4 Plate Dent Test Resulte.' 



Charge 

Diameter 
(nun) 



Density 
(g/cm*) 



Dent 

Depth 
(nun) 



Charge 

Height 
(mm) 



41.3 



1.844 



10.9 



203 
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7. SHOCK INITIATION PROPERTIES 
7.1 Gap Test Resulto.* 



Density 






(g/cm*) 


(mm) 


(mm) 


Large Scale 




HQ A O 

QoAo 


0.20 


1.230 


64.16 


1.85 


1.400 


63.07 


0.18 


1.586 


G2.it) 


0.30 


1.796 


59.21 


0.30 


1.821 


58.34 


0.56 


1.825 


56.46 


0.38 


1.833 


56.44 


0.51 


1.847 


55.86 


0.10 


1.865 


51.94 


0.51 




Small Scale* 




0.96 


0.58 


0.10 


1.792 


3.40 


0.15 


1.812 


3.23 


0.13 


1.826 


3.23 


0.10 


1.830 


2.90 


0.08 


1.836 


2.69 


0.18 


1.843 


2.67 


0.13 


1.860 


2.36 


0.25 



*The8e results seem inconflistent. 
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7.2 Wedge Test Results. 



Density 

1.84 
1.72 



DisUmee, x*. and Tfane, i*, 

to Detonation 
(mm nd it§) 

logP= (1.11 ±0.01) - (0.65 ±0.02) log X* 
log P = (0.69 ±0.01) - (0.54 ±0.01) log t*, 

log P = (0.96 ± 0.03) - (0.71 ± 0.04) logx* 
log P = (0.54 ± 0.01) - (0.57 ± 0.02) log t*. 

where P ■ pfenure in gigapascab. 



7.3 Shock Hugoniots. 
Deoalty 



{mn/itM) 



1.721 



U. « (2.494 ± 0.089) <)• (2.093 ± 0.045) U,, 
U, » (1.890 ± 0.197) -¥ (1.666 ± 0.353) Up, 

where U. = shock velocity 
and Up = particle velocity. 



(GP«) 



2.27 < P < 26.72 



1.19<P<6.34 



Partiete Velodly Range 
(mm/Ml) 

0.133 < Up < 2.063 
0.172 < Up < 0.996 



7.4 Minimum Priming Charge.* 



Density 

(g/cm*) 



(mgofSnXflOOS) 



(±logmg) 



1.800 
1.840 



16.2 
23.9 



0.108 
0.132 
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7.5 Detonation Failure Thidcness. 



Failure 
Density ThicknesB 
te/dn*) (mm) (mm) 



1.785 0.439 0.069 

1.800 0.588 0.074 

1.814 0.404 0.0.56 

1.828 0.510 0.061 

1.844 0.503 0.1 a5 

1.844 0.368 0.028 

1.844 0.396 0.112 

1.846 0.457 0.033 



8. SENSITIVITY 
8. 1 Drop Weight Impact Height. 

Tool Type (cm) 



12 42 
12B 47 



8*2 Large-Scale Drop Test Height." 

Denrity Hh 

(c/cm") (ft) Reaction 



1.835 49 Explosion 

1.800* 110 Explosion 



'PBX 9404 + lwt% wax. 



94 



8.3 Skid Test Results.* "* 



PBX9404 



Density 
(g/cm*) 



Impact 

Angle 

(degrees) 



I arget 
Surface 



•Surface finish, 1.2-2.0 fim. 
"Surface finish, 0.5-0.9 |im. 

8.4 Susan Test Results." 



Hso 

(ft) 



Roaction 
Overpressure 
(psi) 



1.847 


45 


Sand and epoxy 


-4.6 


>20 


1 .8:?7 


45 


Garnet paper 


-4.0 


15 


1.8G6 


45 


narnel paper 


-5.0 


8 


1.8:J7 


15 


Garnet paper 


-3.0 


15 


1.838 


15 


Quartz 


1.8 


15 


1.838 


15 


Alumina* 


-11.0 


15 


1.838 


15 


Alumina* 


19.0 


15 


1.838 


45 


Gold 


> 150.0 





Projectile Impact 
Velocity 
(ft/8) 



Relative 
Energy Release 
(%) 



90 
110 
>110 



0 
82 
82 
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8J» Spark Senfitlvity. 

Lead Foil Sample Oecnrranoe of 

Thickness Si/e Energy Explosion 

Elgctrode (mils) (mg) (J) (%) 

Brass 3 28 0.42 0 

Brass 10 28 3.13 0 



9. MECHANICAL PROPERTIES 
9.2 Tensile Strength and Modnlufl. 



Ultimate Tensile 
Temperature Density Tensile Strength" Modulus* 

(•C) (g/cm') (psi) (psIXlO-*) 



74 1.848 97 1.3 

49 1.848 170 1.4 

24 1.848 482 2.5 

-18 1.848 698 11,75 

-54 1.848 633 15.40 



Thsse properties vary with the HMX particle-size distribution. They are time dependent; if 
PBX 9404 is exposed to temperatures >40''C for long periods, its strengtli and modulus 
decrease. 
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9,% CompresdveStiwigtfa and Modulus. 



Ultimate Compressive 
Temperatura Deasity Compressive Straagth* Modulus' 
CO (g/cm*) (pei) (psiXlO') 



74 1.848 658 1.2 

49 1.848 1289 2.6 

24 1.848 2479 2.9 

-18 1.848 4859 9.9 

-54 1.848 8610 16.0 



^These properties vaiy with ths HMX partide^iae dntrilmtioii. They m tins dspenden^ if 
PBX 9404 ia ezpoied to tenperatwes >40'C for long parioda, ita atnnitli and modnlna daoaaae. 



9.4 Shear Strength and Modulus. 



Ultimate 

Temperature Densily Shear Strength* 



(^C) (g/cm») (psi) 



74 1 .844 523 

49 1.844 834 

24 1.844 1261 

-18 1.844 1454 

-54 1.844 2261 



TUa property variee with the HMX partlcMw dJatributkn. It la 
time dependent; if PBX 9404 is expoaadtotampentUNa >40*Cftar 
long periods, its strength decreaaea. 
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1. G£N£RALPK0PEKT1£S 

1.1 Chemical and Physical Description. PBX 9407 is composed of RDX coated 
with Eacon 461, a chlorotrifluoimthyleiie/tetrafluoroethyleneAnnylidene fluoride 
copolymer. The molding powder is off-white. 

1.2 Common Use. PBX 9407 is generally used as a booster explosive. 

1.3 Toxicity.^ Workers who inhaled RDX dust for several months have hecome 
unconscious and have suffered loss of reflexes. The suggested maximum permissible 
airborne concentrati<m is 1.6 mg/m*. Inhaling hot Ezon vapor should be avoided. 

2. MANUFACTURE AND PROCUREMENT 

2.1 ManiiCMsture. PBX-9407 molding powder is prepared by the water slurry 

inocess. An Ezon lacquer is prepared in a water-immiscible solvent and added to a 

water slurry containing Type II Class 5 RDX crystals. During solvent removal by 
distillation, the plastic uniformly coats and agglomerates the RDX crystals in the 
water phase. 1 he process variables must be carefully controlled to produce satisfac- 
tory agglomerates, composition, and bulk density. 

2.2 Proemrement. PBX d407 is purchased from the US Army Armament 
Readiness Command under LASL material specification 13Y-100006 Rev. C, dated 
August 24, 1978. 
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2.3 Shipping.' PBX-9407 moldinip powder is shipped as a Class A explosive. 

2.4 SUirage.' PBX 9407 is stored in Compatibility Group D, Storage Class 1.1. 

3. CHEMICAL PROPERTIES 

3.1 Composition. 



Coastitttent 



Weight 
Percoit 



Volume 
Percent 



RDX 
Exon 461 



94.0 
6.0 



93.6 
6.4 



3.2 Molecular Weight. 



Constituent 



Structure 



Molecular 
Weight 



RDX 



222.13 




Exon 461 



1(CF,CFC1WCH,CHCI)„.„|„ 



(97.05)„ 



100 



Copyrighted material 



PBX9407 

3.3 Solubility. The solubUity b like that of RDX. 



Grams RDX Dissolve<l/100 g of Solvent 



Solvent 


20»C 


40«C 


60»C 


Aeeticacid 








99.6% 


n.4fi 


0.56 


1.22 


71.0% 


0.22 


0.37 


0.74 


Acetone 


6.81 


10.34 




Isoamyl alcohol 


0.026 


0.060 


0.210 


Henzetie 


0.045 


0.08.5 


0.195 


Chl()r<>t)t'ii/ene 


0.3.3 


0.554 




(\vclohexan()ne 


4,94 


9.20 


13.9 


Dimethyltormamide 




41.6 


60.6 


Ethanol 


0.12 


0.24 


0.58 


Methyl acetate 


2.9 


4.1 




Mel hyl( yclohexanone 


6.81 


10.34 




Methyl ethyl ketone 


.3.23 






loluene 


0.020 


0.050 


0.125 


Trichloroethylene 


0.20 


0.24 




Water 


0.005 


0.0127 


0.03 



4. PHYSICAL PROPERTIES 
4.2 Density. 

Theoretical Density of Typical 

Density Pressed Charge 

(g/cm») (g/cm') 



1.809 1.66 
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4.3 Infrared Speetrum. See Fig. 1. 



6. THERMAL PROPERTIES 



5.1 Phase Changes. 



Type 



Temperature 

(°C) 



Latent Moat 
(cal/g) 



KDX (solid-to-liquid) 



204.1 



;5;j.37 



5.3 Heat Capacity. 



Density 
(g/cm*) 



Heat Capacity 
at Constant Pressure 



Temperature 

Range 



1.66 



0.241 7.7 X 10 * T 



37 < T < 167 



%T 




2000 1600 1200 

WAVE NUMBER CI/CMi| 



Fig. 1. Infrared spectrum. 
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5.4 Thermal Condnetivily. 



Conductivity 
(cal/s-cin-°C) 

0.241 + 7.7 X 10 * 



Temperature 

Range 
(°C) 

37 < T < 167 



5.6 Heats of Combustion and Fonnatioii. 



Constituent 



ah: 

(kcal/mole) 
-501.8 



AH? 
(kcal/mole) 

11.7 



5.7 Thermal Decomposition Kinetics.* 

Property 



RDX 



Dernin position energy 
Activation energy 
Pte-exponential factor 



500 cal/g 
47.1 kcal/mole 
2.02 X ItfVs 



5.8 Other Thermal Stability Test Results. 

Teat Reaults 



Vacuum 



DTA and pyrolysis 



0.1-0.3 ml/g of gas evolved 

after48hatl20*C 
See Fig. 2 
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1 1 1 1 1 1 1 — r — 1 — [— 
pvRxvais ^ 


-1 — 1 — 1 — 1 — 1 — 1 — 1 — 1 — 1 — 


— 1 — 1 — 1— 1 — 1 — 1 — 1 — 1 — i_J — 1 1 1 1 1 1 1 I I 



C X> 200 JOO 400 

TEMPERATURE CCl 

Fig. 2. PBX 9407 DTA and pyrolysis test results. 

6. DETONATION PROPERTIES 

6. 1 Detonation Velocity.' A detonation velocity of 8.1 mm/^s was obtained at a 
density of 1.60 g/cm*. The charge radius was unspecified. 
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7. SHOCK INITIATION PROPERTIES' 

7.1 Gap Test Results. 

Density G„ L„ 

(g/cm") (mm) (mm) 



Large Scale 



O.eO 62.4 



1.772 


54.72 


0.1;') 


1.773 


53.85 


0.08 




Small Scale 




1.538 


4.76 


0.25 


1.555 


4.80 


o.ir, 


1.598" 


5.13 


O.OH 


1.598 


4.95 


0.13 


1.603 


4.75 


0.18 


1.650* 


4.72 


0.10 


1 M^^^ 


4.72 


0.10 


i.m-i 


4.78 


0.13 


1.696 


3.91 


0.13 



'Cold pressed. 

*With 0.8 wt% grapUte added. 
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7.2 Wedge Test Results. 

Distance, x', and Time, t*. 
Density to Detonation Pressure Range 

{gftmF) (mmand/cs) (GPa) 



1.60 lev P » (0.57 ± 0.02) - (0.49 ± 0.03) log x* 1.14 < P < 4.69 

log P « (0.33 ± 0.13) • (0.41 ± 0.03) log t* 

where P * pressure in gigapascals. 
7.3 Shock Hugoniot.' 

Density Shock Hugoniot Particle Velocity Range 

(^cm*) (mmZ/is) (mni/M>) 



1.60 U. = 1.328 + 1.993 Up, 0^ < Up < 0.93 

where U« " shock velocity 
and Up ■ particle veloci^. 

7.4 Minimum Priming Charge. 

Density L,, 
(g/cm*) (mgofXTX8003) (±logmg) 

1.764 12.4 0.054 

7.5 Detonation Failure Thickness.* 

Failure 
Density Thickness 
(g/cm*) {mm) (mm) 

1.767 0.305 0.089 
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8. SENSITIVITY 
8.1 Drop Weight Imi»act Height. 

Tool Type (cm) 

12 33 
12B 35 



8.5 Spark Sensitivity. 

Lead Foil Sample Occurrence 

Thickness Size Energy of Explosion 

Electrode (mils) (mg) (J) (%) 



Brass :i 30 0.77 50 

Brass 10 30 1.50 50 



9. MECHANICAL PROPERTIES 
9.2 Tensile Strength and Modulus. 

Ultimute" Tensile 
Temperatinre Density Tensile Strength Modulus 

(«C) (g/'em«) <psi> (iMiXlO-*) 



74 1.653 287 S.88 

24 1.653 :m 1U.87 

-18 1.653 747 



"The ultimate ttiength varies as much ss 75 pei. 



107 



Copyrighted material 



PBXd407 



9.3 CompresfiveStNiigtli and Modulus. 

Ultimate* Compressive 

Temperature Compressive Str^gth Modulus 

(°C) (p«) (psi X 10 ') 

74 1729 3.81 

49 3250 5.75 

20 6770 12.47 

-18 8970 12.48 

-54 9300 13.18 



The ultimate strength varies as much as a few hundred psi. 



9.4 Shear Straigth and Modulus. 







Ultimate" 


Temperature 


Density 


Shear Strength 


(°C) 


(g/cm*) 


(psi) 


74 


1.636 


lOfiO 


60 


1.636 


1776 


24 


1 .enfi 


2120 


-18 


1.636 


1840 


-54 


1.636 


1990 



*The ultimate shear strength varies as much as a few hundred 
psi below CC, and about 100 psi above O^C. 
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1. GENERAL PROPERTIES 

1.1 Chemical and Physical Description. PBX 9501 is composed of HMX 
bonded with Estane and the eutectic mixture cS bis(2,2-dinitropropyl)acetal and 
bi8(2,2-dinitropropyl)formal (BDNPA/BDNPF). At time of manufactuie the 
molding powder is off-white. With time, it changes to a light buCf. 

1.2 Common Use. PBX 9501 is a high-pertormance explosive more thermally 
Stable and less hazardous to handle then any other explosive of equivalent energy. It 
is used in nuclear ordnance. 

1.3 Toxicity. The suggested maximum airborne HMX concentration' is 1.5 
mg m'. BDNPA/BDNPF is considered slightly to moderately toxic,' and Estane is 
not loxic. 

2. MANUFACTURE AND PROCUREMENT 

2.1 Manufacture. PBX-9501 molding powder is prepared by the slurry process. 
A lacquer of Estane and BDNPA/ BDNPF is prepared in a solvent partially im- 
miscible in water. This is added to a solvent-saturated water slurr\' containing a 
bimodal distribution of HMX crystals. During solvent removal by distillation, the 
Estane and BDNPA/ BDNPF uniformly coat and agglomerate the HMX crystals in 
the water phase. The process variables must be controlled closely to produce 
satisfactory agglomerates, composition, and bulk density. 

2.2 Procurement. PBX 9501 is purchased from the US Army Armament 
Readiness Command under LASL material specification 13Y-109643 Rev. C, dated 
March 1, 1977. The DOB furnishes the BDNPA/ BDNPF. 
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2.3 SMppinff PBX-9601 molding powder is ^pped as a Class A explosive. 

2.4 Storage.* PBX 9501 is stored in Compatibility Group D, Storage Class 1.1. 



3. CHEMICAL PROPERTIES 

3.1 Composition. 

Ctmstitiient 



HMX 

Kstane 

BDNPA/BDNPF 
3.2 Molecular Weight. 



Constituent 



HMX 



Weight Perespt 

96.0 
2.5 
2.5 



Volume Percent 

92.7 
3.9 
3.3 



C N" 



.NO, 



0,N' 



•C- 
I 

"2 



C-H, 



Molecular 
Weight 

2%.17 



t "h H H 

EstaneSTOSF-l jHO-ccHjj^-olc-o-iCH^i^-oj^-c-N-Q-c-Q-N-c-c-j „ 100.0 

C*.nH».»No,tttOi.ti 

BDNPA/BDNPF {ICH.-C-(N0.),.CH2.0],CH,/ 100.0 

[CHrC(NOi).-CIirO]^H,CH,} 
Cui H«.ot N|.j, Ot,u 
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3.3 Solubility. The solubility is that of HMX. 

Grama of HMX DIssolved/lOO g of Sohwnt 



Solvent 


20<'C 


40»C 


60«C 


Acetic acid 








Glacial 


0.037 


O.O-ll 


0.090 


70% 






o.io:? 


Acetic anhydride 




1.29 


1.94 


Acetone 








Anhydrous 


2.4 


3.4 




70% 


0.66 


1.20 




Aceionitrile 




a.u7 


4:m 


Cyciohexanone 




5.91 


7.17 


Dimethylformaroide 




6.1 


11.1 


Dimethylsulfoxide 




45.5 


47.2 



4. PHYSICAL PROPERTIES 

4.2 Density. 

Theoretical 
Density 
(g/cm*) 



1.860 



Density of 
Typical Pressed Chante 
<g/cm') 

1.830 



The following densities are obtained by vacuum pressing (residual pressure ilO' 
fim of Hg) with three 3-min intensifications. 



Pressure 
(psi) 

15 000 
20 000 



Density (g/cm*) with 

Powder Prt^u'uted to 



85«>C 

1.836 
1.840 



urn 

1.840 
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5. THERMAL PROPERTIES 



5.1 Phase Changes. 



Type 



fi-Ui-6 solid-to-solid 
in HMX 



5.3 Heat Capacity. 



Temperature 



190 



Latent Heat 

(cal/g) 



9.2 



Heat Capacity 
at Constant PreMure 
(cal/g.«C) 



Temperature 

Range 

ec) 



0,238 + 7.9 X 10-* T 



6 < T < 176 



5.4 Thermal Conductivity. 



Density 

(g/cm*) 



Conductivity 

(cal/s-cm-^C) 



1.847 



1.084 X 10-» 



5.5 Coefficient of Thermal Expansion. 



Deniity 
(g/cni>) 



CoeflHcieiit 
of Bmnslon 

(1/*C) 



Temperature 
Range 

CC) 



1.835 



40.1 X 10-« 



64 < T < 74 



I 
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5.6 HeatoofComlrastioiiaiidFoniiatioii. 



Coiifttitttent 



ah: 

(kcol/mole) 



AH? 



(kcal/mole) 



KMX 



-660.7 



11.3 



5.7 ThernuilDeeompogttioii Kinetics.' 



Property 



Constituent 



PBX 9501 



HMX 



Decomposition enei^ 
Activation energy 
Pre-exponential factor 



40.1 kcal/mole 
6.9 X 10»V8 



500 cal/g 
S2.7 kcal/mde 
5 X IO'Vb 



5.8 Other Thermal Stability Test Results 



Teat 



ReniUa 



Vacuum 

DTA and pyrolysia 



0.3-0.7 ml^r of gaa evolved 

after 48hatl20»C 
See Fig. 1 



T 1— I 1 I I I I 



0 — 



OTA 



z 

a: 



pvmnis 



1 I I I 



•00 



J I L 




Fig. 1. PBX 9501 DTA 
and pyrolysis test results. 



too 

TCM^CMTunC I*C1 
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6. DETONATION PROPERTIES 

6.1 Detonation Velocity.* 

Effect of Charge Radius 
Charge radius affects the detonation velocity of unconfined PBX 9501 charges 
pressed to a density of 1.832 g/cm* as follows. 

D(R) = 8.802 [(1 - 1.9 X 10-»)/R - 9.12 X 10-»/R(R - 0.48)) 

where D = detonation velocity in millimeters per microsecond 
and R = charge radius in millimeters. 

The experimentally determined failure diameter is slightly less than 1.52 mm. 
6.3 Cylinder Test Results. 



Density 

1.834 



Detonation 

Velocity 
(mm/^s) 

8.792 



Cylinder Wall Velocity 
(nim/Ms)at 



R — = 5 mm 



1.534 



R-Ro= 19 mm 



1.776 



6.4 Plate Dent Test Results. 



Density 
(g/cm*) 



Dent Depth 
(mm) 



1.853 



10.47 
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SHOCK INITIATION PROPERTIES 
7.1 Gap Test Resiilto.* 



Density 

(g/cm*) (mm) 



Large Scale 



1.834 55.52 
Small Scale 



1.843 1.52 

7.2 Wedge Teat Resnlto. 

Dlitanee* x*» and Time, t*. 
Density to Detonation Pressure Range 

(g/cm*) (mm and fia) (GPa) 



1.833 log P= (1.15 ± 0.05) -(0.64 ±0.06) log X* 2.38 < P < 7.32 

log P = (0.73 ± 0.01) - (0.63 ± 0.03) log f. 

1.844 log P = (1.10 ± 0.04) - (0.51 ± 0.03) log x* 2.47 < P < 7.21 

log P » (0.76 ± 0.01) - (0.45 ± 0.03) log t*. 

wheie P ■ pressure in gigapascals. 
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7.3 ShoekHugoniot. 

Density Slwck Hugoniot Particle Velocity Range 

(g/cm*) (mmZ/is) {mm/ns) 



1.833 U, = (2.501 ± 0.131) + (2.261 ± 0.233) Up 0.07 < Up < 0.89 

IMi U.- (2.963 ±0.096) + (1.507 ±0.179) Up, 0.1<Up<0.9 

wfaeie Ua - shock velocity 
and Up B particle vekicity. 

7.4 Minimum Priming Charge.* 

Density W.o L,j 

(g/cm*) (mg ofXTX8003) (±logmg) 

1.837 67.0 0.04 

1.884 44.8 0.06 

8. SENSITIVITY 
8.1 Drop Weiglit Impact Heiglit. 

Tool Type (cm) 

12 48 
12B 44 
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8.2 Large-Scale Drop Test Height. 



Denaily 
(g/cm«) 

1.630 

8.3 Skid Test Results. 



(ft) 

>150 



Reaction 



One partial reaction 
in eight 150-it drops 



Density 
(g/cm») 

1.830 
1.830 



Impact 
Angle 
(degrees) 

46 
16 



"200-^1 in. finish on quarli. 

8.4 Susan Test Results. 



Target 
Surface 

Garnet paper 
Quartz* 



(ft) 

26 
>14 



Reaction 
Overpressure 
(psi) 

1.0 



Projectile Impact 
Velocity 
(«/■) 



Relative 
Energy Release 

(%) 



175 

200 
210 



0 
40 
60 
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9. MECHANICAL PROPERTIES* 
9.2 Tensile Strength and Modulus. 



Ultiiiiate Tensile 
Temperature Denaily Tensile Sttength Modnlos 

(«C) (g/cm*) (pd) (pdXlO-*) 



74 1.844 100 1.05 

24 1.844 320 2.24 

-18 1.844 645 7.63 

-54 1.845 1000 13.38 

9.3 Compressive Strength and Modulus. 

Ultimate Compressive 
Temperature Density Compressive Strength Modulus 
CO (g/cm*) (pel) (pdXIO-*) 



74 1.844 520 0.64 

24 1.844 1140 1.93 

-18 1.843 2100 3.30 

-54 1.843 4700 6.52 



'Above 50°C, the polyester polyurethane, Eitane, depolymerizes so its strength decreases with time. 
The data given en initial vahiM. 
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1. GENERAL PROPERTIES 

1.1 Chemical and Phyalcal Plropertlfla. PBX 9502 is a plastic-bonded explosive 
composed of TATB bonded with Kel-F 800. The molding powder is yellow to tan or 
light brown. 

1.2 Common Use. PBX 9502 is extremely difficult to initiate either deliberately 
or accidentally. It is used as the explosive in nuclear ordnance. 

1.3 ToKlcily. The toxicity is that of TATB. The maximum permissible con- 

centratimi of TATR in air is 1.5 mg/m*, TATB was not mutagenic when tested in 
five strains of Salmonella typhimunum and in Escherichia coU strain WP. 



2. IKANUFACTURE AND PROCUREMENT 

2.1 Manufacture. PBX-9r)02 molding powder is prepared by the water slurry 
process. A Kel-F 800 lacquer is prepared in a solvent that is partially immiscible in 
water. This is added to a water slurry containing TATB. The solvent is extracted 
from the lacquer by adding water. The TATB particles are plastic coated and ag- 
glomerated during the extraction process. A simmering period is used to adjust the 
agglomerate size. The process variables must be carefully controlled to produce 
satisfactory agglomerates, composition, and bulk density. 
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2.2 Procuranmt. PBX 9502 is purchased from the I'S Army Armament 
Readiness Command under LASL material specification 13Y- 188727, Rev. A, dated 
September 12. 1977. The DOE supplies the TATB. 

2.3 Shipping.* PBX-9502 molding powder is shipped as a Class A explosive. 

2.4 Storage.' PBX 9602 is stored in Compatibility Group D, Storage Class 1.1 

3. CHEMICAL PROPERTIES 
3.1 Compositioii. 



COBStitllSIlt 



Weight 
Percent 



Volume 
Percent 



TATB 
Kel-F800 



96 
6 



96.2 
4.8 



3.2 Molecular Weight. 



Molecular 



Comstitaent 



SiTueture 



Weight 



TATB 




268.18 



C,H^,0. 



Kel-F800 



(CFC1CF,CH,CF,)„ 
(C,H,F,C1), 



(180.51)„ 
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3.S Solubility. The solubility is like that of TATB, which is practically insolu- 
ble in all o^anic solvents but is soluble in some superacids. 

SoluUllly In Oreaale Solvents 



Solubility' 



Solvent (ppm) 



Methanesulfonic acid 820 

Hexamethylphosphorictriamide 150 

Ethanesulfonic acid 120 

Dimethylsulfoxide 100 

Hexafluoroacetone sesquihydrate 68 

N-methyl-2-pynolidiiKme 58 

N, N-dimethylacetamide 33 

N, N-dimethylact'tumide 27 

Dimethyltormamide 26 



Tetnp«r«tiiM not reported. 



Solubility in Sulfuric Acid 
and Water MiztorM 



Acid Maximum Quantity Dissolved 

(vol%) (grams of TATB/100 ml) 



50 <0.02 

66.7 <0.02 

80 0.24 

85 0.32 

87.5 >1.28 

90 3.84 

100 >24.0 
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4. PHYSICAL PROPERTIES 
4.2 Density. 



Theoretical Density of Typical 

Density Pressed Charges 

(g/cm*) (g/cm*) 



1.942 1.896 

The following densities are obtained by vacuum pressing (residual pressure <10' 
/urn Hp I hot molding powder (110°Cj with a 4-min dwell and three pressure inten- 
sifications. 

Pressure Density 

(lb/in.') (g/cm») 



15 000 1.890 ±0.005 

20000 1.895 ±0.005 



5. THERMAL PROPERTIES 
5.1 Phase Changes.' 



Temperature Latent Heat 

Type CO (cai/g) 



Solid-to-liquid in 448-449 

TATR 

Solid-to-gas in — 163.9 

TATB 
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5.3 Heat Capadty. 



Heat Capacity 
at Constant Pressure 
(cal/g-^C) 

0.249 + 6.9 X10-<T 



5.4 Thermal Conductivity. 

Conductivity 
(caVcm-§-^C) 

13.4 X 10-* 

5.6 Heats of Combustion and Formation.* 



Constituent 



ah: 

(keal/mole) 



ah; 



(keal/mole) 



TATB 



-735.9 



-33.4 



5.7 Thnmal Decomposition Kinetics.* 



Property 



TATB 



Decomposition energy 
Activation enragy 
Pre-ezponential factor 



600 cal/g 
89.9 keal/mole 
3.18 X 10»V8 



124 



PBX9502 



5.8 Other nmnal Stability Test Resulto. 



Test 



Results 



Vacuum 

DTA and pyrolysis 
Critical temperature, Tm 
Chaise radius, a 
Density, p 



0.0-0.2 mI/<,' (if ^aa evolved 

after 48 hat 120''C 
See Fig. 1 
331 "C 
3.3 mm 
1.84 g/cm* 



6. DETONATION PROPERTIES 



6.1 Detonation Velocity.' 

EfllBct of Charge Radius 
Charge radius a£Fects the detonation velocity of unconfined PBX-9602 c 
pressed to a density of 1.8d5 g/cm' as follows. 

D(R) = 7.706(1 - 19.4 X IQ-'/R) , 

where D = detonation velocity in millimeters per microsecond 

and R - charge radius in millimeters. 

The experimentally determined failure diameter is 9 mm. 



z 

K 
W 
X 



2 



T — 1 — I — r 



OTA 



Frnxvsw 



J I t_J I I I I I I I I L 




MO MO 
TEMPEWnME Kl 



400 



Fig. 1. PBX 9502 DTA and pyrolysis test results. 
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6.3 Cylinder Test Results. 



_ . Cylinder Wall Velocily 

Detonatioii (mm/Ms) at 

Density Velocity 



d^cm*) (mm/MS) R- Bo -5mm R-Roal9miii 



1.8d4 7.589 1.241 1.436 

7. SHOCK INITIATION PROPERTIES 
7.1 Gap Test Resulto. 

Density L,s 
(g/cm^) (mm) (mm) 



Large Scale 



1.895 22.33 1.0 

Small Scale 

This scale is too dose to the detona- 
tion failure diameter. 



7.2 Wedge Test ResulU. 

Distance, x*, and Time, t*. 
Density to Detonation Pressure Range 

(g/cm*) (mm and MS) <OPa) 



1.806 log P » (1.37 ± 0.06) - (0.31 ± 0.06) log x* 10.06 < P < 14.96 

log P - (1.15 ± 0.01) - (0.28 ± 0.04) logt*. 

where P « pressure in gigapascals. 
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7.3 ShodcHugoniot. 

Density Shock Hugoniot 

ig/em*) (mn/tiB) 



Partide Velocily Range 
{mn/fta) 



1JBS6 U. = (3.263 ± 0.977) + (1.678 ± 0.777) U^. 1.08 < Up < 1.42 

where U, = shock velocity 
and Up = particle velocity. 

7.4 Minimum Priming Charge.* 

Density Wn 
(gta*) (mgofXTX8003) 



1.920* >1.63 X 10* 



•For 90 wt% TATB and 10 wt% Kel-F 800. 
Pure TATB gave a similar result. 



8. SENSITIVITY 
8.1 Drop Weight Impact Height. 

Tooll^ (cm) 

12 >320 
12B >320 

8.S SUd Test Results. A formulation of SO wt% HMX, 40 wt% TATB, and 10 
wt% Kel-F gave no events in four 64-it drops at a 45* impact angle on a garnet- 
paper target. 

8.4 Susan Test Results. At an im|)act velocity of 1500 f't s. the relative enerf^v 
release was equivalent to the kinetic energy of the lesl vehicle. A similar result was 
obtained with an inert fill. 
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9. MECHANICAL PROPERTIES 



9.2 TensUe Strength and Modulus. 



Temperature 



Density 
(c/cm*) 



Ultimate 
Tensile Strength 
(psi) 



Tensile 
Modulus 
(psi X 10-*) 



-54 
24 
74 



1.884 
1.886 
1.886 



1340 
1000 
430 



6.51 
6.60 
2.38 



9.3 Compressive Strength and Modulus. 



Temperature 
(°C) 



Density 
(g/cm*) 



Ultimate 
Compressive Strength 
(psi) 



Compressive 

Modulus 
(psi X 10 ») 



-54 
24 
74 



1.886 
1.886 
1.885 



5170 
3360 
1640 



4.97 
3.41 
1.67 
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PENTAERYTHRITOL TETRANITRATE 

(PETN) 



1. GENERAL PROPERTIES 

1.1 Chemical and Physical Description.* PETN, CgHgN^Ou. forms colorless 
prismatic crystals that together appear white and opaque. Its name differs in 
various countries: PETN, Penthrite, and Penta in Enplish-speaking countries; 
Pentrit, Niperyth, Nitropenta, and NP in Germany; and TEN in the Union of 
Soviet Socialist Republics. 

1.2 Common Use. PETN is used extensively in detonators, detonating fuzes, 
and priming compositions. Mixed with another explosive or an inert material, it is 
used as the main explosive charge in grenades, small-caliher projectiles, and 
demolition devices. For example, Primacord, a detonating fuze, consists of a tube of 
waterproofed textile filled with finely powdered PETN. 

1.3 Tojdcity.' Because PETN is insoluble in water, it is slightly toxic. The 
recommended maximum atmospheric concentration for an 8-h period is 15 mg/m*. 
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2. MANUFACTURE AND PROCUREMENT 

2.1 Manufacture.' Acet aldehyde, aldol, or crotonaldehyde is condensed with 
formaldehyde in aqueous solution, in the presence of lime, to Ibrm pentaerythritol, 
which is nitrated with 96% nitric acid at 22-23° C to give PETN. The PETN is 
filtered, washed with watw, and reciystallized fiom acetwme by running acetone 
solution into water. 

2.2 Procurement. Purchase is under Military Specification MIL-P-387B, dated 

November 7, 1967. 

2.3 Shipping.^ Bulk PETN is shipped by common carrier as a Class A explosive. 
It must be shipped wet with at least 40 wt% water. 

2.4 Storage." PETN is stored wet in Compatibility Group D. In certain condi- 
tions, it may be stored dry in Compatibility Group A. Wet or dry, PETN is in 
Storage Class 1.1. 



3. CHEMICAL PROPERTIES 
3.1 Struetoral Formula. 



NO, 
I 

o 

I 

OjN-O-CHj-C-CHj-O-NOj 

o 

I 

NO, 
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3.2 Molecular Weight. 316.15 

3.3 Solubility." 



Grams Dissolved/ 100 g of Solvent 



Solvent 20»C 40»C 60*C 



Acetone 24.8 44.92 
Acetone and water 
(wt% water) 

6.23 16.29 31.42 

IS'^O 9.31 20.25 

1822 5.22 12.66 

23.99 2.87 7.66 

35.11 0.68 2.33 

55.80 0.03 0.13 

Benzene 0.27 0.83 2.r>8 

Ethanol 0,13 0.37 1.19 

Ethyl acetate 10.6 18.50 



4. PHYSICAL PROPERTIES 

4.1 Crystal Strueture.^ There are two polymorphs ol PEl N. The most common 
PETN I, transforms to PETN H at 130«C. Unit ceU parameters for the two forms 
are as follows. 



Cell 



Polymorphic Form 



PETN I at 22-C PETN II at i.36°C 



Unit cell edge length (A) 

a 9.38 13.29 

*» 9-38 13.49 

c 6.71 6.83 

Molecules per unit cell 2.0 4.0 
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4.2 Deniily. 



Crystal Density^ 



Method of 
Determination 



Temperature 

CC) 



Crystal 
Form 



Crystal 
Density 
(g/cm*) 



X-ray calculation 
X-ray calculation 
Experimental 



22 
136 
22 



I 

n 
I 



1.778 
1.716 
1.778 



Compression gives the following densities.* 



Pressure 
(PW) 



Density 



5 000 
10000 

20 000 
30 000 
40 000 



1.58 
1.64 

1.71 
1.73 
1.74 



4.3 Infrared Spectrum. See Fig. 1. 



10^ 



•0- 



%T 




a- 



4000 



MOO 



aooo WOO 1200 
WAVE NUMBER iUtm i 



Fig. 1. Infrared spectrum. 
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4.4 Refractive Indices.* 



PETN Polymorpli* 



Omega 

Epsilon 

Birefringence 
Double reiraction 



Form I 

1.556 

1.551 
0.005 
negative 



Form II 

1.656 

1.551 
0.02 



■Form I is alio called Alpha, and Fofm n ia also called 

Beta. 



5. THERMAL PROPERTIES 



5.1 Phase Changes.^'*'" 



Type 

PETN I-to-PETN n 

8ulid-to-liquid 

SoUd'to-gaa 



Temperature 

130.0 
142.9 



Latent Heat 



(caVg) 



37.4« 

91;9'» 



(kcal/mole) 



11.82 
29.1 



•Reference 9 indicates that the heat of fusion varies with the method nf crystallization. 
Imperfect nr very disordered crystals had heats of fusion as low as .U kcal/R. 

The latent heat of sublimation was computed from the vapor pressure data given in Ref. 10. 

6.2 Vapor Pfeseiure."''" 

logi. P(mm Hg) = 14.44 - 6352/T(K) for 323 < T < 371 K. 
log„ P(mm Hg) = 17.73 - 7750/T(K) for 383 < T < 412 K. 
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6.3 Heat Capacity. 



Heat Capacity Temperature 
at Constant Pressure Range 
(cal/g-«C) («C) 



0.239 -I- 0.006 T 32<T<127 
5.5 Co^cienU of Thermal Expansion.*' 

Linear Jbixpansion Coefficient 

Temperature 

Crystal Coefficient of Expansion Range 

Face (1/°C) (°C) 



a(OOl) 8.55 X 10-* + 1 .82 X 10-' T - 160 < T < 100 

+6.30 X 10- '•T' + 2.17 X10-»*T» 

a(lOO) 6.75X 10 »+ 1.28X 10 -I60<T<100 

+0.74 X 10-">T» + 1.27 X 10- "T» 

Volume Expansion Coefficient 

Temperature 
GDcffident of Expansion Range 
(!/•€) CO 



22.05 X !()-» + 4.38 X 10^ T -160<T<100 
+7.78 X 10 " T* + 4.71 X 10 " T» 

5.6 Heats of Combustion and Formation at 25°C. 

AH? 

Iccal/mole kcal/moic 
-618.7 -110.34 
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5.7 Thermal Decomposition Kineticg.** 



Decomposition energy 300cal/g 
Activation energy 47.0 kcal/mole 
Frequency factor 6.3 X 10"/8 



5.8 Other Thermal Stability Test Results. 



Test 



Results 



Vacuum 

DTA and pyrolysis 
Critical temperature, Tm 
Charge radius, a 
Density, p 



0.2-0.5 ml/g of p» evolved 

alter48hatl00*C 
See Fig. 2 
192 °C 
3.4 mm 
1.74 g/cm* 



6. DETONATION PROPERTIES 

6.1 Detonation Velocily.** 

Effect of Density 
D = 1.608 + 3.933 p tor 0.57 < p < 1.585, 

where D is in millimeters per microsecond, 

and p is in grams per cubic centimeter. 




Fig. 2. I^ETN D TA and pyrolysis test results. 



136 



Copyrighted material 



PETN 



6.2 Detonation Pressure." 



Detonation Detonation 
Density Velocity Pressure 
(g/cm*) imn/iM) (GPa) 



1.67 



7.975 



31 



6.3 CyUnder Test Results." 



Density 
(g/cm*) 



Detonation 
Velocity 
{mm/us) 



QyUnder Wall Velocity 

(mm/Ms) at 



R ~ Ro ~ 5 mm 



R-Ro »19mm 



1.765 



8.16 



1.56 



1.79 



6.4 Plate Dent Test RetoltB." 



Density 
(g/cni*) 



Dent 
Depth 
(mm) 



Cliarge Height 
(mm) 



1.670 
1.665 



9.80 
9.75 



203 



7. SHOCK INITIATION PROPERTIES 
7.1 Gap Test Results." 



Small Scale 



Density 
(g/cm») 



(mm) 



1.757 



6.21 
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7.2 Wedge Test KesulU. 



Distance, x*. and Time, t*, 
Density to Detonation 
(g/cm*) (mm and nt) 

1.4 log P - (0.14 ± 0.03) - (0.4 ± 0.05) log x* 

logP - (0.04 ± 0.02) - (0.33 ± 0.04) logt*. 

1.6 log P « (0.40 ± 0.03) - (0.54 ± 0.05) log x* 

log P - (0.18 db 0.02) - (0.44 ± 0.09) logt*. 

1.72 log P = (0.61 ± 0.03) - (0.49 ± 0.05) log x* 

log P « (0.34 ± 0.02) - (0.50 ± 0.00) logt*, 

1.76 log P = (0.57 ± 0.04) - fO.41 ± 0.06) log x* 

log P = (0.33 ± 0.02) - (0.22 ± 0.16) log t% 

where P « preasure in gigapascals. 
7.3 Shock Hugoniots. 



Valid 
Pressure Range 
(GPa) 

0.66 < P < 0.99 

1.2 < P < 2.0 

1.7 < P < 3.9 
1.7 < P < 2.84 



Density 
(g/cm*) 

1.60 
1.72 
1.77 

1.774 



Shock Hugoniot** 
(mro/Ms) 



U,« 1.32 + 2.58 Up 

U, = 1.83 + 3.45 Up 

U,« 2.87 + 1.69 Up 
Isdhennal Hugeiilo^ 
U,- 2.24 + 2.96 Up 

-0.605 r' 

U, = 2.81 + 1.75 Up. 

where U, = shock velocity 
and Up « particle velocity. 



Particle Velocity Range 



0.1 < Up < 0.7 
0.1 < Up < 0.7 
0.5 < Up < 1.5 

U„ < 1.0 



Up > 1.0 
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8. SENSmVITY 
8.1 Drop Weight Impact Height. 

Type Tool (cm) 



12 12 
12B 37 



8.5 SpoikSensitlvily. 





Lead Foil 


Sample 




Occurrence 




Thickness 


Size 


Energy 


of Explosion 


Electrode 


(mils) 


(mg) 


(J) 


(%) 


Brass 


3 


47.2 


0.19 


60 


Brass 


10 


47.2 


0.36 


50 


Steel 


1 


50.0 


0.10 


60 


Steel 


10 


50.0 


0.41 


50 
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1. GENERAL PROPERTIES 

1.1 Chemical and Physical Description.'* The British first used "RDX " to 
identify a new chemical explosive developed for use during World War 11. During its 
development, the new explosive was called "Research Department Explosix e 

RDX, CjHgNgOe, is a colorless polycrystalline material. It is also known as 
hexahydro-l,3,5-lnnitro-s-iriazine, cyclotrimethylenetrinitramine, 1,3,5-trinitro- 
l,3,5-triazocyclohezane» Hezogen, cyclonite, andT4. 

1.2 Ctmuiioil Use. RDX is used extensively as the base charge in detonators. Its 

most common uses are as an ingredient in castable TNT-based binary explosives 
such as cyclotols and Comp B, and as the primary ingredient in plastic-bonded ex- 
plosives or plastic explosives such as Composition A and Composition C. Either the 
castable or plastic-coated mixture is used as the explosive fill in almost all types of 
munitions. 

1*3 Toxicity.' Workers who inhaled RDX dust for several months have become 
unconscious and have suffered loss of reflexes. Thesu^sted maximum permissible 
airborne concentration of RDX is 1.5 mg/m*. 

2. MANUFACTURE AND PROCUREMENT 

2.1 Manufacture." RDX is manufactured in two ways. In the British process, 
hexamethylenetetramine is nitrated directly; in the Bachmann process, it is 
nitrated by a mixture ci nitric acid, ammonium nitrate, acetic anhydride, and 
acetic acid. The former process produces relatively pure RDX; the latter has been 
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developed into a continuous high-yield process that gives about 10% HMX as an 
impurity. The crude RDX is purified by washing it witii water and reciystallizing it 
from either acetone or cydohezanone. 

2.2 Procurement. RDX is purchased from the US Army Armament Readiness 
Command under Military Specification MIL-U-398C Amendment 3, dated August 
14, 1973. 

2.3 Shipping.* RDX is shipped as a Class A explosive and must be shipped wet 
with not less than 10% water. 

2.4 Storage.*^ RDX may be stored dry in Compatibility Group A or wet in Com- 
patibility Group D. Wet or dry, it is in Storage Class 1.1. 

3. CHEMICAL PROPERTIES 
3.1 Structural Formula. 



i I 

C,H.N.O, 
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3.2 Molecular Weight. 222.13 

3.3 Solubility. 



Grams of RDX Dissolved/ 100 g of Solvent 



ssolvent 






VNTKj 


Acetic acid 








99.6% 


0.46 


0.56 


1.22 


71.0% 


0.22 


0.37 


0.74 


Acetone 


6.81 


10.34 




ls(iatii \ 1 alcohol 


0.026 


0.060 


0.210 


Benzene 


0.045 


0.085 


0.195 


Chlurobenzene 


0.33 


0.554 




Cyclohexaiume 


4.94 


9.20 


13.9 


Dimet hyl formamide 




41.5 


60.6 


Ethanol 


0.12 


0.24 


0.68 


Methyl acetate 


2.9 


4.1 




Methylcyclohotatioae 


6.81 


10.34 




Metl^l ethyl ketone 


3.23 






Toluene 


0.020 


0.050 


0.125 


Trichloroethylene 


0.20 


0.24 




Water 


0.005 


0.0127 


0.03 
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4. PHYSICAL PROPERTIES 

4.1 Cr> sta1 Structure.*'* RDX is orthorhombic. It also has a veiy unstable 
polymorph that has been isolated only in very small quantities for very short 

periods during f usion. 
The cell parameters of orthorhombic form are given. 



GeU 



RDX 



Unit cell edge length (A) 

a 13.18 

b 11.57 

c 10.71 

Mdeculfls per unit cell 8 



4.2 Density.' 



Crystal 



Method of Temperature Density 

Determination State (°C) (g/cm') 



X-ray data Solid — 1.806 

Direct measurement Solid 22.8 1.799 

Pressed Charges 

RDX powder can be pressed to various densities. The pressures required to 
produce a given density are as follows. 



Pressure 


Density* 


(pai) 


(g/cm*) 


5 000 


1.52 


10 000 


1.60 


20 000 


1.68 


30000 


1.70 



'These data are typical and will 
vaiy with paiticle-nn diitribu- 
tion. time under prenure, and 
temperature. 
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4.3 Infrared Spectrum. See Fig. 1. 

4.4 Refiractive Index.* In light whose wave length varied between 4470 and 
6680 A, the foUowing refiractive indices have been reported. 

Refractive Index 



a 
7 



1.597-1.072 
1.620-1.591 
1.624-1.596 



5. imUMAL PROPERTIES 



5.1 Phase Changes.'** 



Type 



Temperature 



Latent Heat 



(cal/g> 



(kcal/mole) 



Solid-to-liquid 
Solid'to-gas* 
(vaporization) 



204.1 



35.5 



7.89 
31.1 



■Computed from vapor prassure data taken at 55-98°C. 



%T 




4000 SOOO 2000 1600 1200 

«IMWe NUMBER I l/Mll 



Fig. 1. Infrared spectrum. 



eoo 
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S.2 Vapor Pressure.' 



Temperature 



Vepor Pressure 
(mmllgx 10') 



55.7 
62.6 
78.2 
97.7 



3.24-3.5 
7.14-8.6 
69.30-78.7 
667-736 



A least squares lit to these data gives the following, 
iogjo P(mm Hg) = 14.18 - 31 100/4.576 T(K), 
where P - vapor pressure in millimeters (^mercury 
and T = temperature in Kelvin. 
5.3 Meat Capacity . 



5.5 Coefficieiit of Thermal Ezpanaion.* 



Heat Capacity 
at Constant Pressure 
(caVg-°C) 



Temperature 

Range 
(°C) 



0.232 -t- 7.0 X lU ' T 



37 < T < 167 



Coefficient of Expansion 



Temperature 
Range 
(°C) 



18.33 X 10-» + 3.625 X 10"' T 
+ 5.48X10-wT« 



-100<T<135 
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5.6 Heats of Combustion and Formation at 25°C.^'' 



ah: 



ah; 



-501.8 kcal/mole 



14.7 kcal/mole 



5.7 Themial Deoompoiition Kinetics." 

Decomposition enaigy 
Activation energy 
Pre-exponential factor 

5.8 Other Thermal StabUity Test Results. 

Ttat 



500 cal/g 
47.1 kcal/mole 
2.02 X lO'Vs 



Resnlts 



Vacuum 

DTA and pyrolysis 
Critical temperature, Tm 
Chaise radius, a 
Density, p 



0.1<0.3 voii/g of gas evolved 

after 48 h at 120*C 
See Fig. 2 
217°C 
3.6 mm 
1.72g/cm» 



I I I 



I ' ' ' ' I 



I ' ' ' 



0 — 



on 




J i I I I I I L 



100 



300 



Fig. 2. RDX DTA and pyrolysis test results. 
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6. DETONATION PROPERTIES 

6.1 Detonation Velodly. 

Effect of Density 

D « 2660 + 3400 po, 

where D » detcmation velocity in meters per second 
and Po = density in grams per cubic centimeter. 

6.2 Detonation Pressure." 



I^t'nsity Detonation Velocity Detonation Pregtnure 

(g/cm») (nun/Ms) (GPa) 



1.767 ± 0.011 8.639 ± 0.041 33.79 ± 0.31 

6.4 Plato Dent Test Results. 

Charge Dent Charge 

DiametOT Density Depth Height 

<mm) (g/cm*) (mm) (mm) 



41.3 1.764 10.35 203 

41.3 1.744 10.14 203 

41.3 1.537 8.20 203 
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7. SHOCK INITIATION 
7.1 Gap Test Retulto.** 



Density Gapbt Lm 

(cAsm*) (mm) (mm) 



Large Scale 



1.09 7.02 0.10 

1.750 6.17 O.OI 

Small Scale 



1.00- 7.82 0.15 

1.11* 8.86 0.15 

1.704 OJO 

1.735 5.18 0.18 

1.752 0.36 0.01 



■Mefliaii RDX particle diameter is ^110 laa, 
^Median RDX particle diameter is •^25 im. 



RDX 



7.3 Shock Hiigoiiiot.M 



Density 
(g/cm*) 



Shock Hugoniot* 



1.799 



U, = 2.78+ 1.9 U, 



■Computed from the isothermal volume 

compression data. Two RDX phases 
were observed in the course of determin- 
ing its isothermal volume compression. 
The shock Hri^Mitiint tabulated is that 
lor the orthorhnmbic form described 
pnviously in Sec. 4.1. Another RDX 
polymorph. Form III, occurs at pres- 
sures of 4.4 GPa. The volume change 

between the two polymorphs was about 
1.6% (from 0.4651 to 0.4666 cmVg). The 
isothermal Hugoniots of the two 
polymorphs 



ROX(I) U« < 

and 

RDX(Il) U„ 



2.68 + 1.9 Up, 



2.49 + 1.8 U 



where the subscript V denotes ieother- 
mal conditions. 



8. SENSITIVITY 
8.1 Drop Weight Impact Height. 



Tool Type 



(cm) 



12 
12B 



22 
41 



8.5 Spark Sensitivity. 



ESeetrode 



Lead Foil 
Thickness 
(mils) 



Sample 
Size 
img) 



Energy 
(J) 



Occurrence 
of Explosion 
(%) 



Brass 
Brass 

Steel 
Steel 



3 
10 
1 

10 



61.1 
61.1 

64.0 
64.0 



0.22 

0.55 
0.12 
0.87 



50 
60 
60 
SO 



ISO 
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1. GENERAL PROPERTIES 

1.1 Chemical and Physical Description. TATB (1,3,5-trinitrobenzene), 

CeHjNeOa, is a yellow polycrystalline material. Exposure to sunlight or UV light 
turns it light green, and prolonged exposure eventually turns it dark brown to black. 

1.2 Common Use. The excellent thermal stability and extreme resistance lu ac- 
cidental initiaticm by impact or shock make TATB us^ul for special applications. 
To be used effectively* it is generally coated with a thermoplastic polymer and 
pressed into desired shapes. 

1.3 Toxicity. The maximum permissible concentration ot TATB in air is l.o 
mg/m'. It was not mutagenic when tested in five strains of Salmonella typhimurium 
and in Esehmchia coU strain WP. 

2. MANUFACTUBE AND PROCUREMENT 

2. 1 Manufacture.* TATB is synthesized by reacting 1,3,5,-trichlorobenzene with 

SO3 {'M)% oleum) and sodium nitrate to give l,3,5-trichloro-2.4.6-trinitrobenzene. 
The reaction mixture is then quenched in a large volume ot ice, and the 1.3,5,- 
trichloro-2,4,6-trinitrobenzene is recovered by filtration and reacted with ammonia 
gas in ttie presence of toluene to give TATB. 

2.2 Procurement. There is no dedicated DoD or DOE facility for TATB 

manufacture It can be procured, on special order, from a few chemical companies 
in the United States which have facilities for synthesizing energetic materials. The 
DOE procures TA TB under LASL material specification 13Y-188025, dated August 
23. 1978. 

2.3 Shipping.' TATB is shipped dry or wet as a Class A explosive. 
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2.4 Storage." TATB is stored dry or wet in Compatibility Group D, Storage 
Class 1.1. 



3. CHEMICAL PROPERTIES 
3.1 Structural Formala. 




3.2 Molecular Weight. 258.18 

3.3 Solubility.* TATB is practically insoluble in all organic solvents, but it is 
soluble in some superacids. 





Solubility" 


Solvent 


(ppm) 


Methanesulfnnic acid 


820 


Hpxamethylphosphorictriamide 


150 


Ethanesulfonic acid 


120 


Dimethyisulfoxide 


100 


Hexafluoroacetone 




sesquihydrate 


68 


N- methyl- 2- pvrroliflinone 


58 


N, N-dimethylaceiarnide 


27 


DimethylftMTnamide 


26 


'Temperature not reported. 
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TATB solubility in sulfuric acid and water mixtures. 

Maximum 
Acid Quantity Dissolved 

(vol7c ) (grams of TATB/ 100 ml) 



50 
66.7 
80 
85 
87.5 
90 
100 



<0.02 
<0.02 

0.24 
0.32 
>1.28 
3.84 
>24.0 



4. PHYSICAL PROPERTIES 

4.1 Crystal Structure.' Only one TATB polymorph has been observed. The 
triclinic unit cell parameters are given. 

Can 

Panunetars TATB 



Lmgth of unit cell edge (A) 

a 9.010 ± o.im 

b 9.028 ± 0.003 

c 6.812 ± 0.003 
Angle (•) 

« 108.590 ±0.02 

0 91.820 ± 0.0.3 

7 119.970 ± 0.01 

Molecules per unit cell 2 

4.2 Density. 

Crystal 

Method of Temperature Density 

Determination State (g/cm*) 



X-ray Solid 23 1.937 

Direct measurement Solid 23 1.93 ^0.01 

Pressed 

TATB powder at 120°C can be pressed to a density of 1.860 g/cm' at a pressure of 
SOOOOpsi. 
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4.3 Infrared Spectrum. See Fig. 1. 

4.4 Refractive Index." TATB crystals are pleochroic, being colorless parallel to 
the X-axis and yellow in the Y-Z plane. They are anisotropic. The indices of refrac- 
tion are N, = 1.45, Ny = 2.3, and N, = 3.1. 

5. THERMAL PROPERTIES 
5.1 Phase Change. 



Type 



Tempera tiure 
CC) 



Latent Heat 
(kcal/mole) 



Solid-to-liquid' 
Solid-to-ga8i> 
(vaptwizatioii) 



448-449 



40.21 



4)etennuied on a hot bar melting apparatus. Rapid decomposition 
was obflefved in both wdid and liquid states. 

^Detarmined from the vapor piessare data listed in Section 6.2. 



%T 



« • 10. 

til 




Fig. 1. Intrared i>pec-irum. 



1600 mo 
fl/enl 
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5.2 Vapor Pressure.* 

Temperature Vapor Pressure 

(•C) (mm Hg X lo') 



129.3 4.06^.10 

136.2 6.36-6.50 
150.0 10.41-11.02 

161.4 29.00-29.28 
166.4 42.09 

177.3 49.16 

A least squares fit to the data gives 
loKioP = 14.73 - 402 100/4.576 T(K) 
5.3 Heat Capacity. 

Heat Capacity 
at Constant Pressure 
(cal/g-*C) 



0.215 + 1.324 X 10 ' T 

5.4 Thermal Conductivity. 

Conductivity 
(cal/8-cro-°C) 

1.3 X 10-« 

5.5 Coefficimit of Thermal Expansion.^ The TATB crystals are extremely 
anisotropic. The linear coefficient of expansion in the three unit cell directions has 
been estimated from the following x-ray data. 

Temperature 

Cell Coefficient of Expansion Range 



DirecUon (1/°C) <«C) 



a 9.00X10-' -60 to +100 

b 2.10X10-* -60 to +100 

c 2.25 X 10-* -60 to +100 
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The volume coefficient of expansion is estimated from tiie same x-ray data. 



G>^Gcient of Expansion 

(1/°C) 



Temperature 
Range 
(°C) 



2.36 X 10 * 
3.67 X 10-* 



-60 to +10 
10 to 100 



5.6 Heats of Combustion and Formation at 25<*C.* 



ah: 



ah; 



-735.9 kcal/mole 



-33.4 kcal/mole 



5.7 Thermal Decomposition Kinetics.* 

Decomposition energy 
Activation energy 
Pre-ezponential foctor 

5.8 Other Thermal Stability Test Results. 



600cal/g 

59.9 kcal/mole 
3.18 X 10*V8 



Test 



Results 



Vacuum 

DTA and pyrolysis 
Critical temperature, Tm 
Charge radius, a 
Density, p 



0.0^.2 ml/g of gss evolved 

after48hatl20*'C 
See Fig. 2 
347'C 
3,3 mm 
1.84 g/cm' 



6. DETONATION PROPERTIES 



6.1 Detonation Velocity. 



10 



Density Charge Diameter 
(g/cm') (mm) 



AveraRe Detonation 

Velocity 

(mnvV**) 



Confinement 



1.860 



25.35 



7.619 ± 0.001 



Cf^per tube with 
a 2.54-mm wall 
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100 200 NO 400 

TDUPWATOUt rc) 

Fig. 2. TATB DtA and pyrolysis test iwnltB. 

EfliBct of Dauitiet 

Density affects the infinite diameter detonation velocity as follows: 

D = 2.480 + 2.852 po, 

where D = infinite diameter velocity in millimeters per microseconds, 
and Po = density in grams per cubic centimeter. 

Effect of Charge Diameter 

Charge diameter affects the detonation velocity of unconfined TATB pressed to a 
density of 1.860 g/cm' as follows: 

D = 7.758 - 0.472/d for d 2 4 mm 

where D ■ the detonation velocity in millimeteis per microsecond, 

and d » charge diameter in millimeters. 

Failure Diameter 

The failure diameter of TATB pressed to a density of 1.860 ^cm' is 4.0 mm. 

6.2 Detonation Pressure." 

Detonation Detimation 



Density Velocity Pressure 

{g/eaaf) (mm/fis) (GPa) 



1.847 7.66 25.9 

1.60 — 17.6 
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6.3 Cylinder Test Besulto. 



Density 



Qylinder WaU Velocity 
(mm/^) at 



R >B» » 5 mm 



1.860 1.268 
6.4 Plate Dent Test Results. 



Charge 
Diameter 
(mm) 

41.3 



Density 
(g/cm*) 

1.87 



R - B, s 19 mm 



1.446 



Dent 
Depth 
(mm) 

8.31 



Charge 
Height 
(mm) 

203 



7. SHOCK INITIATION PROPERTIES 
7.1 Gap Test Results. 



Density 
(g/cm») 



(mm) 
Large Scale 



1.870 



21.92 



Small Scale 



1.872 

7.2 Wedge Test ResulU. 



0.127 



Density 
(g/cm') 

1.714 
1.841 

1.876 



Distance, x* , and Time, t*, 
to Detonation 
(mm and us) 



(mm) 



0.43 



0.10 



logP - (1.09 ± 0.02) - (0.41 ± 0.17) logs* 
log P « (0.8 ± 0.07) - (0.32 ± 0.12) log t*. 

log P = (1.39 ± 0.07) - (0.52 ± 0.07) log x* 
logP - (1.01 ± 0.02) - (0.46 ± 0.06) logt* 

log P = (1.42 ± 0.02) - (0.4U ± 0.03) log x* 
log P = (1.11 ± 0.01) - (0.36 ± 0.03) log t*, 

where P - preesure in gigapascab. 



Pressure Range 

(ca>a) 

3.27 < P < 6.64 
5.93 < P < 16.6 
11.4 < P < 16.22 
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7.3 Shock Hugoniots.""'' A number of TATB shock Hufjoniots at various den- 
sities have been determined using dillerent experimental techniques. 



Density 

1.847 

1.876 



1.937 



Shock Huconiot 



U, = 2.34 + 2.316 Up 

U, = 1.46 + 3.68 Up 
U.- 2.037 + 2.497 Up 

U.= (1.663 ±0.123) 
+ (2.827 ± 0.132) Up 

U, = 1.73 + 6.66 Up -4.14 U5 
U, = 2.93 + 1.69 Up 



•Direct measurement of shock velocity. 
"Isothermal compression x-ray computation. 

7.4 Minimum Priming Chai^e.^ 



Particle 
Velocity Range 
(mm/fie) 

0<Up<1.5 



0 < Up < 0.48 
0.48 < Up < 1.54 



0.16 < Up < 1.47 

0<Up<0.35 
0.35 < U„ 



Technique 



a 



a 

b 



Density 
(g/cm*) 



(nigofXTX8003> 



RemarlcB 



1.876 



>1.53 X 10* 



Pressed charge 



8. SENSITIVITY 



8.1 Drop Weight Impact Height. 



Tool Type 



(cm) 



12 
12B 



>320 
>320 
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8.4 Susan Test RMults. 



Projectile 
Impact V'elocity 
(m/s) 



Relative Energy Release* 



SOO 



Thradiold for reaction 



'Measured in terms of overpfaasure ralative to the ov«r|iinMtin 
achieved in a detonatioii. 



8.5 Spark Sensitivity. 

Lead Foil 

Thickness 
(mils) 



3 
10 



Sample 

Size 
(mg) 

31 
31 



Energy 
(J) 

4.25 
18.1 



Occurrence 
of Explosion 
(%) 

0 
0 



9. MECHANICAL PROPERTIES 
9.2 Tensile Strength and Modulus. 



Temperature 

(°C) 

24 



Density 
(g/cm*) 

1.864 



Ultimate 
Tensile Strength 

(pBi) 



370 



9.3 Compfessive Strength and Modulus. 



Density 
(g/cm*) 



Ultimate 
Compressive Strength 
(pel) 



Tensile 

Modulus 
(psiXlO-') 

6.91 



Compressive 
Modulus 
(psix 10-') 



1^ 



1360 



2.62 
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1. GENERAL PROPERTIES 

1.1 Chemical and Physical Description.* Tetryl (2,4,6-trinitro- 
phenylmethylnitramine), CrHgNtOa is a light yellow crystalline solid. Other ac- 
cepted names are 2,4,6- trinitro N-methylaniline; picrylmethylnitramine; 
Tetrylite; Tetralite; Tetralita; and C. E. 

1.2 Common Use. Tetryl is no longer commonly used as a US military explosive. 
It was used as a booster aq[>lo6tve, in binaiy miztufes of TNT and tetiyl (Tetratols) , 
and as the base chaise in detonators. 

1.3 Toxicity.' Tetryl can yellow human skin and sometimes cause dermatitis. 

Some workers' eyes and nasal membranes mav become irritated, which can lead to 
excessive snec/in^' and nosebleeds. The suggested maximum permissible concentra- 
tion of tetryl dust in air is 1.5 mg/m*. 

2. MANUFACTURE AND PROCUREMENT 

2.1 Manufacture.* Two processes have been used extensively in tetryl produc- 
tion. In the first, N,N-dimethylaniline is dissolved in concentrated sulfuric acid and 

the mixture is run slowly into nitric acid. Cooling precipitates the crude tetryl, 
which is then purified by wasiiing with water and recrystallization from bensene or 
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acetone. In the second process, methylamine is reacted mih 2,4- or 2,6- 
dinitrochlorobenzene to d^trophenyl methylamine, which is then nitrated to 



2.2 Procurement. Purchase is under Joint Army-Navy Specilicatiun MIL-T- 
339C, dated February 9, 1973. 

2.3 Shipping.' Tetryl may be shipped dry as a Class A explosive. 

2.4 Storage.' Tetryl is stored dry in Compatibility Group D, Storage Class 1.1. 

3. CHEMICAL PROPERTIES 
3.1 Structural Formula. 



tetryl. 




C,H.N.O, 



3.2 Molecular Weight. 287.15 



3.3 SolubUity.' 



Grams of Tetryl Dissolved/iOO g of solvent 



Solvent 



20«C 



75»C 



Water 

Ethanol (95vol%) 
CsrlioD tetrachloride 
Chlcroforiu 

Ethylene chloride 
Carbon disulfide 
Ether 



0.0075 

0.563 

0.025 

0.57 

3.8 

0.021 

0.418 



0.0195 
1.72 
0.096 
1.78 
12.0 



0.036 
2.64 
0.154 
2.65 
18.8 



45.0 



0.066 

6.33 

0.297 
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4. PHYSICAL PROPERTIES 



4.1 Crystal Structure/ The tetryl crystal is monoclinic and has the following 
ceil parameters. 

Cell Pmmeters 



Length of unit cell edge (A) 

a 
b 

c 

Angle li 

Molecules per unit cell 



14.129 

7.374 
10.614 

95.07** 
4 



4.2 Density.' * 



Method of 

Determination State 

X-ray data Solid 

FloUtion Solid 



Temperature 

21 
21 



Density 
(g/cm«) 

1.731 
1.74 



Pressed Tetryl 

Compression usually gives the following densities. 



Pressure 


Density 


(Pii) 




3 000 


1.40 


5 000 


1.47 


10000 


1.57 


20 000 


1.67 


30000 


1.71 



4.U Infrared Spectrum. See Fig. 1. 
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HMVELeNOTN (ftm} 

• 8 




1000 IMO 1X00 

WAVE NUMBER ll/an) 



Fig. 1. Inlrared spectrum. 



4.4 Refractive Indices.* 



alpha 
beta 



1.546 
1.632 



5. THERMAL PROPERTIES 



5.1 Phase Changes.' 



Type 



Temperature 
CC) 



Latent Heat 



(cal/K) 



(kcal/mole) 



SoUd-to-liquid 



129.46 



22.2 



6.37 



5.3 Heat Capacity." 



Heat Capacity 
at Constant PreMure 

(cal/g-°C) 



Temperature 
Range 

(°C) 



0.211 + 2.6 X 10-* T 



-100<T<100 
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5.4 Thermal Ck>iiductivity.* 



Density 
(g/cm*) 

1.53 
1.39 



Conductivity 
(cal/»-cm-''C) 

6.83 X 10-* 
5.81 X 10-* 



5.6 Heato of Combustion and Fonnation at 25"C.** 



ah: 



ah; 



-836.8 kcal/mole 



5.7 Thermal Decomposition Kinetios*^^ 

Activation energy 
Frequency factor 



7.6 kcal/mole 



38.4 kcal/mole 
2.51 X 10»»/8 



3.8 Other Thermal Stability Test Results. 

Test 



Vacuum stability 

DTA and pyrolysis 
Critical temperature, Tm 



Results 



0.4-1 .0 ml/g of ess evolved 

after4ahatl20'C 
See Fig. 2 
187 °C 



T — I — I — I — I — I — I — I — r 



1 — I — I — I — 1 — r— I — r 



0 — 



1 



DTA 



Mioursa 



J l_L. 




J_J. 



200 

TEMPCMTURC t*C) 



Fig. 2. Tetiyl DTA and pyrolysis teat results. 



167 



Copyrightea material 



TETRYL 

6. DETONATION PROPERTIES 

6.1 Detonation Velocity. 

Effect of Density 
D = 2.742 + 2.935 po (1.3 ^ Po ^ 1.69), 
where D - detonation velocity in millimeters per microsecond, 
and po = charge density in grams per cubic centimeter. 

6.2 Detonation Pressure." 

Detonation 
Pressure 

(GPa) 



Density 
(g/cm*) 



1.614 

6.4 Plate Dent Test ResulU. 



22.64 



Charge 

Diameter 
<inm) 



Density 
(g/cm*) 



41.3 1.681 

7. SHOCK INITIATION PROPERTIES 
7.1 Gap Test Resttlto." 



Dent 
Depth 
(mm) 

8.10 



Density 






(g/cm») 


(mm) 


(mm) 


Large Scale 


0.85 


69.21 


0.61 


1.666 


60.60 


0.63 


1.682 


59.38 


0.18 




Small Scale 




0.93 


7.44 


0.05 


1.678 


4.04 


0.20 


1.684 


3.83 


0.30 



Charge 

Height 
(mm) 

203 
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7.2 WcdgeTestResnlto. 

Dbtance, x*. and Time, t*, 
Density to Detonation Pressure Range 

(g/cm*) (mm and us) (GPa) 



1.70 


logP = 
logP- 


(0.79^0.01) 
(0.S6±0.01) 


-(0.42 ±0.01) log X* 
-(0.39 ±0.01) log t* 


2.22 < P < 8.53 


1.60 


logP- 
logP- 


(0,73 ±0.01) 
(0.4 ±0.01)- 


- (0.65 ±0.01) log X* 
-(0.55 ±0.01) log t*, 


1.08 < P < 8.02 


1.50 


logP = 
logP- 


(0.75 db 0.01) 
(0.36 ±0.01) 


- (0.81 ±0.01) log X* 
-(0.64 ±0.01) log t*. 


0.62 < P < 7.09 


1.40 


logP = 
logP = 


(0.84 ±0.01) 
(0.35 ± 0.01) 


- (0.99 ±0.02) logx* 

- (0.75 ±0.01) logt*. 


0.61 < P < 6.84 


1.30 


log P = 

logP = 


(0.87 ± 0.05) 
(0.33 ±0.02) 


- (1.11 in. (17) Inpx* 

- (0.83 ±0.03) log f, 


0.37 < P < 6.91 



where P > pressure in gigapascals. 



7.3 Shock Hugoniots.*^ 

Particle 

Density Shock Hugoniot Velocity Range 

(g/cm*) (mmZ/is) (mmZ/is) 



1.70 


u.= 


2.476 + 1.416 Up 




0.428 < Up 


< 1.196 


1.60 


u.- 


2.362 + 1.528 Up 


- 0.255AJp 


0.324 < Up 


< 1.232 


1.50 


u.= 


2.167 + 1.662 Up 


-0.34lAJp 


0.287 < Up 


< 1.231 


1.40 


u.= 


1.611 + 1.966 Up 


- 0.278AJp 


0.297 < Up 


< 1.253 


1.30 


u.= 


2.162 + 1.427 Up 


- 0.499AJp 


0.296 < Up 


< 1.399 



7.4 Minimum Priming Charge." 

Density Wjo 
(g/cm') (mgofXTXSOOa) 



1.692 1.5 
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7.5 Detonation Failure Thidaiess.** 



Failure 

Density Thickness Lm 

(g/cm') (mm) (mm) 



1.684 0.267 0.079 



8. SENSITIVITY 



8. 1 Drop Weight Impact Height. 

Tool Type (cm) 



12 42 
12B 49 

8.5 Spark Sensitivity. 



Lead Foil Sample Occurrence 

Thickness Size Energy ofExploslon 

Electrode (mils) (mg) (J) (%) 



Brass 3 48.2 0.54 50 

Brass 10 48.2 2.79 50 

Steel 1 54.0 0.19 50 

Steel 10 54.0 3.83 SO 
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1. GENERAL PROPERTIES 

1.1 Chemical and Physical Description.* TNT (2,4,6-trinitrotoluene), 
C7H8N80,, is a light yellow or buff crystalline solid. This isomer, also known as TNT 
in the United States, is the compound used in miltary exploeives. TNT is also 
known by a variety of other names: Tolite in France; Tri, Trotyl, Tutol, Trinol, and 
Fullpulver 1902 in Germany; Tritolo in Italy; Tol, Trotil, TNT in the Union of 
Soviet Socialist Republics; and TNT in the United Kingdom. 

1.2 Common Use. TNT is the most common military explosive because of its 
ease of manufacture and its suitability for melt loading, either as the pure explosive 
or as binary mixtures. The most common binary mixtures are cyclotols (mixtures 
with RDX), octols (mixtures with HMX), amatols (mixtures with ammonium 
niteate), and tritonals (mixtures with aluminum). 

1.3 Toxicity.* Inhaled TNT vapor or dust may irritate mucous membranes and 
cause sneezing, coughing, and sore throat. TNT may produce toxic hepatitis and 
aplastic anemia. TNT yellows the exposed skin, hair, and nails of workers. Der- 
matitis, erythema, papules, and itchy eczema can be severe. Ingestion of 1-2 g of 

TNT is estimated to be an acute fatal dose to humans. The suggested maximum 
permissible airborne dust concentration is 0.5 mg/m*. 

2. MANUFACTURE AND PROCUREMENT 

2.1 Manufacture.' Toluene is nitrated to TNT in one, two, or three slajjes with a 
mixture of nitric and sulfuric acids. The crude TNT is purified by washing with a 
water soluticm of sodium sulfite (the Sellite process). The sulfite reacts witii the 
2,3,4- and 2,3,5-isomers of TNT to form water-soluble compounds, which are then 
removed. 
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2.2 Procurement. TNT is purchased from the US Army Armament Materiel 
Command under MIL-T-248C, dated November 8, 1974. 

2.3 Shipping.' TNT may be shipped dry as a Class A explosive. 

2.4 Storage.* TNT is stored dry m compatibility Group D, Storage Class 1.1. 



3. CHEMICAL PROPERTIES 
3.1 Stmetural Formula. 




8.2 Molecular Weight. 227.13 

3.3 Solubility.* 



Grams of TNT 
Dissolved/100 g of Solvent 



Solvent 


20H:; 


40«C 


60»C 


Acetone 


109.0 


228.0 


600.0 


Benzene 


67.0 


180.0 


478.0 


Butyl carbinol acetate 


24.0 






Carbon disulfide 


0.48 


1.53 




Carbon tetnciiloride 


0.65 


1.76 


6.90 


Ch lor 0 benzene 


33.9 






Chloroform 


19.0 


66.0 


302.0 


Diethyl ether 


3.29 






Ethanol (95%) 


1J2S 


2.92 


8.30 


Ethylene chloride 


18.7 






Hexane 


0.16 






Methyl acetate 


72.1 






Toluene 


56.0 


130.0 


367.0 


Trichloroethylene 


3.04 






Water 


0.0130 


0.0286 


0.0675 
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4. PHYSICAL PROPERTIES 

4.1 Crystal Structure.'"' Both orthorhombic and monoclinic TNT have been 
observed. The monoclinic form is obtained by annealing cast TNT. Crystallization 
of TNT from most solvents gives complex mixed-phase intergrowth and twinned 
crystals that usually show structural disorder. Good monocrystals of TNT have 

been obtained from cyclohexanone. 
Cell parameters of the two polymorphs are given. 



Cell 



Length of unit cell edges (A) 

a 

b 

c 

Angle fi 



Monooliiiie 



21.275 

6.093 
15.025 

IIO.U'* 



Orthorhombic^ 



15.0(J7 
20.029 
6.098 



Molecules per unit cell 



8.0 



•There is some controversy about existence nf the orthorhombic polymorph, which maybe 
a disordered version of the monoclinic one (Hel. 8). 



4.2 Densi^/ " " 



Solid and Liquid 



Density (g/cm') 



Method of Temperature 

Determination State (<*C) Monoclinic Orthorhombic 



X-ray data Solid 21 

Direct measurement Sdid 21 
Direct measurenient liquid 83-120 



1.653 
1.654 

1.645- 1.016 X 10^ TCO 



1.646 
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Pressed Charges. The density of TNT in large billets or in ammunition varies 
with the method of preparation. Compression without application of a vacuum to 
remove the residual air gives the following densities. 



Pressure 


Density 


(psi) 


(g/cm*) 


3 000 


L35 


5 000 


1.40 


10 000 


1.45 


15 000 


1.52 


20 000 


1.55 


50 000 


1.60 



Compaction with the residual air removed and the TNT preheated to 70° C gives 
the following density. 

Powder 

Pressure Temperature Density 

(psi) ('€) (g/cm») 



12000 70 1.63-1.64 

Cast Charges. The density of cast TNT depends on the procedures used to melt, 
cast, and solidify it. Typical densities are as follows. 

Preparative Pnoedure Density 

Milting" Casting^ Solidification (g/cm*) 



Open 100% liquid Ambient 1.56-1.59 

Open 75%hquici Ambient 1.59-161 

Vacuum 50-75% liquid Ambient 1.61-1.62 



•In nn open melt the TXT is melted in atmosphprir mnditions. Ih a vacuum melt, the lUOltni TNTlB 

subjected to n vacuum (~20 mm Hg) tor a tow minutes. 

"Because of the -^7% volume change associated with the liquid-tu-solid transition, solid TNT is usually 
added to the liquid TNT. The TNT, either as a liquid or as a mixture of liquid and edida, ia east at a 
temperature within a degree or two of the melting point (80-82'C). 
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4.3 Infrared Spectrum. See Fig. 1. 

4.4 Refractive Indices.*^ The following retractive indices in sodium light have 
been reported. 

a 1 .5430 

6 1.6742 

7 1.717 

5. THERMAL PROPERTIES 
5.1 Phage Changee.***" 

Temperature 



Type («C) (caVg) (kcal/mole) 



Solidto-liquid 80.9 23.53 5.35 

Solid-to-gas — 28.3" 

(sublimation) 



"Computed fiom the lolid^phaMvqior pnMura data in Sac. 6.2. 
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5.2 Vapor Pressure.'* 



Temperature 
(°C) 



Vapor Pressure 
(mm Hg) 



60.1 
78.5 

80.2 
82.4 
99.5 
110.6 

1.31.1 
141.4 



5.43 X 10-* 
6.44X 10-» 

7.16 X 10-» 
7.96 X 10-» 
4.07 X 10-« 
8.26X 10-« 

3.48 X 10 ' 
6.21 X 10- ' 



A least squares fit to these data gives 
loguP(mm Hg) = 15.43 - 6180mK). 

5.3 Heat Capadly. 

Heat Capacity 
at Constant Pressure 
(cal/g-°C) 

0.264 + 7.5 X 10-* TrC) 
0.309 + 6.6 X 10-* TCC) 

5.4 Thermal Conductivity. 



Temperature 
Range 

(°C) 

17 < T < 67 
97<T<160 



Density 
(g/cm') 

1.59 
1.59 



Conductivity 
(cal/»-cm-»C) 

6.22 X 10-* 
5.89 X 10-* 



Temperature 
Range 

10<T<45 
45<T<75 



177 
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5.5 Coefllcieiit of Thermal Ezpaniion. 



Temperature 
Coefficieiit of Expaanon Range 
(1/"C) CO 



5.0X10-» + 7.8x lO-'T -40<T<60 

5.6 HeataofComlMittioiiaiidFonnatioD8t26<»C.** 

ah: ah? 

-817.2 kcal/mole -12.0 kcaJ/mole 

5.7 Thermal Decomposition Kinetics.'^''* 

Decomposition energy 300 cal/g* 
Activation energy 34.4 kcal/mole 

Pre-exponential factor 2.51 X lO^/s 



*The complexities of the decomposition reaction are 

described in Ret'. 15. 



5.8 Other Thermal Stabilily Test Reaiilto. 

Test 



Vacuum 0 . 2 m l/p nf gas evolved 

after 48 hat 120°C 
DTA and pyrolysis See Fig. 2 

Critical tempeiature, Tm 288*C 
Charge radius, a 0.38 mm 

Density, p 1.57 g/cm* 
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0 — OW 




too 

TEMKRMIUM PC) 



FiK. 2. TNT DTA and pyiolytis test results. 



6. DETONATION PROPERTIES 



6.1 Detonation Velocity.*^** 



Effect of Dendtsr 



D = 1.873 + 3.187 p. . 
and 

D = 6.762 + 3.187 Ipo - 1-534) - 25.1 (po " 1.534)^ , 

where D - dettmatum velocity in millimeten per 
microsecond and 



Dmsity Range 

0.9 < pt < 1.634 

1.534 < po< 1.636 



Pg = density in grams per cubic centimeter. 
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The charge preparation method affects the infinite-diameter detonation velocity 
and failure diameter of unconfined cylindrical charges as follows. 



Method of 

Charge Preparation 

Vacuum melting 

Creaming; and casting 
Vacuum melting and casting 



Liquid 



Charge Detonation Velocity Critical 
Density at Infinite *D" Diameter 

(g/cm') (mm//is) (mm) 



1.615 6.942 ± (1.028 14.6 ± 2.0 

1.620 6.d99 ± 0.01 1 14.5 i: 0.5 

1.620 7.045 ± 0.170 2.6 ± 0.6 

1.443 6.574 ± 0.001 62.6 ± 2.6 



Effect of Charge Radius 
Detonation velocity varies with charge radius and preparation procedure as fol- 
lows. 



Method of 
Charge Preparation 

Creaming and casting 



Vacuum melting 
and casting 



Pressing 



Liquid 



Density 
(g/cm*) 

1.615 
1.620 
1.620 

1.443 



Effect of Charge Radius on 

Detonation Vclodty 
{mm/tis) 



6.942 1(1-5.67 X 10 ^/R) 

- 4.2 X lO-'/R (R - 7.41)1 

6.999 1(1 - 1.3 X 10-»/R) 

- 6.2 X 10- '/R (R - 5.6) J 

7.046 [(1 - 6.1 X 10-«/R) 

- 3.6 X 10-«/R (R - 0.67)1 



D(RJ 
D(R) 
D(R) 

D(Rj = 6.574 (1 - 0.291/R) 
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TNT 



Temperature 



Density 

(g/cm») 



Velocity 



81 



1.462 



6.633 



6.2 Detonation Pressure." 



Density 
(g/cm») 



Detonation Veloci^ 



Pressure 
(GPa) 



1.637 



6.942 ± O.OIG 



18.91 ± O.l 



6.3 Cylinder Test Results.** 

Detonation ^all Velocity 

Density Velocity (mmZ/is) at 

g/em*) (nun/jfs) R-B, = Smm R-B,= 19inm 

1.630 6.940 1.18 1.40 
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6.4 Plato Dent Teat R«ralto. 



Charge Dent Charge 

Diameter Density Depth Height 

(mm) (^cm^) (mm) (mm) 



12.7 1.63 1.57 12 7 

1.70 16.9 

1.93 84.68.606 

2.90 206.0 

26.4 1.631 1.73 12.7 

2.90 25.4 

3.20 31.7 

4.04 42.4 
4.19 50.8 
4 27 63.5 
4.14 72.6 
4.19 84.6 
4.09 101.6 
4.11 127.0 
4.14 169.4 
4.06 254.0 

4.00 608.0 

1.626 6.73 63.5 

7.01 101.6 
6.60 169.4 
7.01 203.0 

1.640 6.88 203.0 

41.3 1.626 3.02 16.9 

4.01 25.4 

4.67 31.8 

5.41 42.4 

6.05 50.8 
6.90 63.5 

7.06 72.6 
7.14 76.2 
7.18 101.6 
7.06 127.0 
6.81 169-203 
6.93 264.0 
6.78 304.8 
6.96 508.0 
6.99 1016.0 
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7. SHOCK INITIATION PROPERTIES 
7.1 Gap Test Results.** 

Density Gm Ln 

(g/emf) (mm) (mm) Remarks 

Large Scale 



0.800 


61.49 


0.38 


Bulk density Hake 


1.024 


61.64 


0.20 


Pressed 


1.220 


56.26 


0.08 


Pressed 


1.356 


55.02 


0.25 


Pressed 


1.505 


54.92 


0.30 


Pressed 


1.551 


54.46 


0.28 


Pressed 


1.595 


52.53 


0.18 


Pressed 


1.631 


46.43 


0.30 


Pressed 


1.615 


28.30 


0.64 


Cast 






Small Scale* 




0.77 


4.11 


0.08 


Granular at bulk. 








density 


0.84 


No at 




Flake at bulk 




zero gap 




density 


1.628 


0.33 


0.05 


Pressed at 65'*C 



■The failure diameter of cast TNT is 14.5 mm, so it cannot be initiated in the 

small-scale gap test. 

7.2 Wedge Test Results." 



Distance, x*, and Time, t*, 
Density to Detonation Pressure Range 

(g/cm*) (mm and ms) (GPa) 



1.62 to log P » (1.40 ± 0.03) - (0.32 ± 0.03) log x* 9.17 < P < 17 1 

1.634 log P » (1.16 ± 0.03) - (0.31 ± 0.06) log t* 



where P = pressure in gigapascals. 
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7.3 Shock Hugoniots." '' 



Density 

1.614 
1.63 



ShodLHugoniot 
imm/itB) 



U, = 2.390 + 2.60 Up, 
U,- 2.57 + 1.88 Up, 

where U» = shock velocity 
and Up = pAiticle velocity. 



7.4 Minimum Priming Charge. 



Dennty 

1.59 
1.63 



W 

(mgofXTKSOOS) 

394 
1260 



7.5 Detonation Failure Thickness." 

Failure 



Particle Velocity Range 
(mm/tit) 



0<U,<2.0 



Remarks 

Pressed at 65 °C 
Pressed at65°C 



Density 


Thickness 




(g/cm*) 


(mm) 


Remarks 


L568 


1.82 


Pressed at 65=C 


1.627 


2.16 


Pressed at 65»C 


1.629 


1.76 


Pressed at 65 °C 


1.631 


2.00 


Pressed at 72 °C 


1.635 


2.59 


Pressed at 72 °C 
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8. SENSITIVITY 



8.1 Drop Weight Impact Height. 



Tool Type 



(cm) 



Remarks 



12 
12B 

12 
12B 



212 

>320 
154 
>320 



Flake TNT 
Flake TNT 

Granular TNT 
Granular TNT 



8.5 Spark Sensitivity. 



Electrode 



T.pad Foil 
Thickness 
(mils) 



Sample 

Size 
(mg) 



Energy 
(J) 



Occurrence 
of Explosion 
(%) 



Brass 

Brass 
Steel 
Steel 



3 
10 

1 

10 



47.9 
47.9 

5:^.0 

53.0 



0.46 

2.75 
0.19 
4.00 



50 
50 
50 
50 



9. MECHANICAL PROPERTIES 



9.1 Viaoosity. 



Temperature 

CC) 



Viscosity 
(cp) 



85 
90 

100 



12.0-13.7 
10.6-11.8 

9.4-10.2 
8.6-9.0 
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9.3 Comipressive Strength and Modulm. 



Density 
(g/cm*) 



Ultimate 
Compressive Strength" 
(psi) 



Compressive 
Modulus* 
(psi) 



1.60 



1400 



7.9 X 10* 



■CompreMive strength is a function of density and method of chaige 
preparation. These are cast TN T data. 
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1. GENERAL PROPERTIES 

1.1 Chemical and Physical Description. XTX (Extex) 8003 consists of PETN 
coated with a low-temperature vulcanizing silicone resin. Sylgard 182. Uncured 
XTX 8003 is putty-like and can be extruded through small openings at modest 
pressures. After curing, it is white and rubbery. 

1.2 Common Use. XTX 8003 is used in special applications that require ex- 
plosives with small detonation failure diameters. 

1.3 Toxicity.'-* There are no known toxicity problems associated with the use of 
Sylgard 182. PETN, because it is insoluble in water, is slightly toxic. The recom- 
mended maximum atmospheric concentration over an 8-h period is 15 mg/m^ 

2. MANUFACTURE AND PROCUREMENT 

2.1 ManufiiMstnre. Sylgard 182 resin and its curing agmt are mixed with PETN 
in a high-shear vertical mixer to the consistency of wet sea sand. This material is 
passed through a three-roll differential paint mill until it is the consistency of 
glazier s putty. After milling. XTX 8003 has a shelf life of 24 h at 25°C. Storage at 
-30°C increases the shelf life to 8 months. When it is to be used, the XTX 8003 is 
extruded into molds of the desired configuration. Curing or polymerization is 
achieved by exposure to GS^C for 8- 12 h. 
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2.2 Procurement. XTX 8003 can be purchased from the DOE under LASL 
material specification 13Y-104481 Rev. F, dated February 6, ld78. 

2.3 Shipping.* Cured or uncured XTX 8003 is shipped as a Class A explosive. 

2.4 Storage.^ Uncured XTX 8003 is in Storage Compatibility Group A. When 
cured* it is stored in Compatibility Group D. Either cured or in a device, it is in 
Storage Class 1.1. 

3. CHEMICAL PROPERTIES 
3.1 Composition. 



Constituent 



Weight 
P^cent 



Volume 
Percent 



PETN 
Sylgard 1S2 



80 
20 



69.9 
30.1 



3.2 Molecular Weight. 



Constituent 



Structure 



Molecular Weight 



PETN 



316.15 



o 



O^N-O-CHj-C-CHj-O-NO, 



0 




Sylgard 182 



Proprietary 
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3.3 Soluliili^.*The solubility ia that of PETN. 

Grams of PETN Dissohr«i/100 g of Solvoat 



Solvent 



Acetone 

Acetone and water 

(wt% water) 
6.23 

12.30 

18.22 

23.99 

35.11 

55.80 
Benzene 
Ethanol 
Ethyl acetate 



ao«c 



24.8 



16.29 

9.31 
5.22 
2.87 
0.68 
0.03 
0.27 
0.13 
10.6 



40«C 



44.92 



31.42 
20.25 

12.66 
7.66 
2.33 
0.13 
0.83 
0.37 

18.60 



60»C 



2.58 
1.19 



4. PHYSICAL PROPERTIES 



4.2 Density. 



Theoretical 
Donsity 



Density of l^iiical Charges 
(gAsm*) 



1.566 

4.3 Infrared Spectrum. See Fig. 1. 



1.50 



WAVELENGTH (mid) 

e e 10 

TT — T — n— r 




MOO IMO 
WAVE NUMeCR ll/CRi) 



Fig. I. Intrared spectrum. 
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5. THERMAL PROPERTIES 



5.1 Phase Change. 



Type 



T«mperature 



Latent Heat 
(cal/gmix) 



PETN (solid-to-liquid) 



142.9 



29.9 



5.3 Heat Capacity. 



Density 



HeatCapaeily 

at Constant Pressure 
Ccal/g-'C) 



Temperature 

Range 
(«C) 



1.60 



0.252 + 8.6 X 10-* T 



37 < T < 127 



5.5 Coefficieiit of Thermal Expansion.' 



Density 
(g/cm*) 



Co^ndent of Expansioii 

(l/°C) 



Temperature 
Range 
CC) 



1.50 



1.65 X 10-» 



-50 < T < 25 



5.6 Heats ofCombustion and Formation. 



ah: 

(luial/mole) 



AH? 
(iccal/mole) 



PETN 



-618.7 



110.S4 
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5.7 Thennal Decompotitioii Kinetics.* 

Properly PETN 



Decomporition enngy 300 cal/g 

Activation energy 47.0 kcal/mole 

Pre-exponential factor 6.3 X lO'Vs 

5.8 Other TliemialStaliility Test Results. 

Test Results 



Vacuum 0. 2 m l/g of gas evolved after 

48 hat 100°C 
DTA and pyrolysis See Fig. 2 

6. DETONATION PROPERTIES* 
6.1 Detonation Velocity. 

Effect of Charge Radius 
Charge radius affects the detonation velocity of XTX 8003 at a density of 1.53 
g/cm', confined in polycarbonate plastic in a hemicylinder configuration, as follows. 

D(R) - 7.260[(1 - 0.191 X IQ-'/R) - 2.12 X 10'*/R (R - 0.111)] 

where D = detonation velocity in millimeters per microsecond, 

and K = charge radius in millimeters. 

The experimentally determined failure diameter in polycarbonate confinement is 
0.36 mm. 

7. SHOCK INITIATION PROPERTIES 
7.1 Gap Test Results.' 



Small Scale 


Density 


G,o 


u 


(g/cm*) 


(mm) 


(mm) 


1.50 


4.42 


0.28 
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200 



MO 



400 



Fig. 2. XTX 8003 D TA and pyrolysis test results. 



7.2 Wedge Test Results. 



Density 
(g/cm*) 

1.53 



f,z*,andTiine, t*t 

to Detonation 
(mm and ms) 



log P = (0.74 ± 0.01) - (0.37 ± 0.02) log x* 
log P » (0.53 ± 0.008) - (0.33 ± 0.02) log t*. 

where P * pressure in gigapascals. 



7.3 Shock Hugoniot^'' 

Density 
(g/cm*) 



Shock Hugoniot 
(nun/Ms) 



1.50 
1.53 



U,= 1.49 + 3.03 Up (Ref. 10) 

U. - (1.59 ± 0.39) + (3.24 ± 0.63) Up 



Pressure Range 
(GPa) 

2.5 < P < 8.2 



Particle Velocity Range 
(mm/^s) 

0 < lip < 0.8 



0.48 < Up < 0.78 



7.4 Minimum Priming Ciiarge. XTX 8003 is used as the donor explosive in this 



test. 
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8. SENSmVITY 



8.1 Drop Weight Impact Height. 



Tool Type 



(cm) 



12 
12B 



30 
35 



"Cured or uncured. 



8.4 Susan Test Results. 



Pro jectile Impaet 
Velocity 
(ft/s) 



Relative Energy Release 

(%) 



160 
750 



<1 
-5-8 



9. MECHANICAL PROPERTIES 
9.2 Tensile Strength and Modulus. 



Temperature 
(°C) 

22 



Density* 
(g/cm») 

1.50 



Ultimate 
Tensile Strength 

(psi) 

90 ±20 



Tensile 

Modulus 
psix 10* 



•Cured. 

^Strain-to failure of a 0.26-in.-diam charge tested at a load rate of 0.06/initi occurs 
after 5% elongation. 
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1. GENERAL PROPERTIES 

1.1 Chemical and Physical Description. XTX (Extex) 8004 consists of KDX 
coated with a low-iemperature vulcanizing silicone resin, Sylgard 182. Uncured 
XTX 8004 is putty-like and can be extraded through small openings at modest 
pressures. After curing, it is white and rubbery. 

1.2 Common Use. XTX 8004 is used in special applications that require more 
thermal stability than XTX 8003 can give. The detonation failure diameter is 
slightly greater than that of XTX 8003. 

1.3 Toxicity. Sylgard 182 is not known to be toxic. Workers who inhaled RDX 
dust for several months have become unconscious with loss of reflexes. The sug- 
gested maximum permissible airborne concentration of RDX is 1.5 mg/m' (Ret. 1). 

2. MANUFACTURE AND PROCUREMENT 

2.1 Manufacture. Sylgard 182 resin and its curing agent are mixed with RDX in 
a high-shear vertical mixer to the consistency of wet sea sand. This material is 
passed through a three-roll differential paint mill until it reaches the consistency of 
glazier's putty. Milled XTX 8004 has a 24-h shelf life at 25°C. Storage at -dO^C in- 
creases the shelf life to 8 months. When it is to be used, the XTX 8004 is extruded 
into molds of the desired configuration. Curing or polymerization is achieved by ex- 
posure to 65°C for 8-12 h. 

2.2 Procurement. XTX 8004 can be purchased from the DOE under LASL 
material specification 13Y- 189498 Rev. A. dated November 22, 1978. 

2.3 Shipping.' Cured or uncured, XTX 8004 is shipped as a Class A explosive. 
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2.4 Storage.' Uncured or cured, XTX 8004 is in Storage Compatibility Group D 
and StCHrage Class 1.1. 

3. CHEMICAL PROPERTIES 

3.1 Composition 

CoostitiMiit 

RDX 

Sy]gaidl82 

3.2 Molecular Weight. 

Constituent 

RDX 



Sylgard 182 



197 



Weight Percent Volume Pereent 

80 69.9 
20 30.1 



Molecular 

Structure Weight 



Oal^v 

I I 

Ac, 

C,H,N,0, 

Plrqprietaiy 



^ 222.13 
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3.3 Solubility. Hie solubility is that of RDX. 



Grami of RDX IHssolved/lOO g of Solvent 



OOlVBlH 


MoT* 














99.6% 


046 


0 56 


1 22 


71.0% 




0 37 


0 74 


Acetone 


6.81 


10.34 












Benzene 


0.045 


0.085 


0.195 


Chlorobenzene 


0.33 


0.554 




Cyclohexanone 


4.94 


9.20 


13.9 


Dimethyltormamide 




41.5 


60.6 


Ethanol 


0.12 


0.24 


0.58 


Methyl acetate 


2.9 


4.1 




Methylcvclohexanone 


6.81 


10.34 




Methyl ethyl ketone 


3.23 






Tolnene 


0.020 


0.050 


0.125 


IVichloroethylene 


0.20 


0.24 




Water 


0.006 


0.0127 


0.03 



4. PHYSICAL PROPERTIES 
4.2 Density. 



Theoretical Density of 

Density TVpienl Quurgo 
{g/cm*) (g/cm*) 

1.684 1.5 



5. THERMAL PROPERTIES 

5.3 Heat Capacity. 

Heat Capacity Temperature 
Densily at Constant Flwssvfo Range 

(g/cm*) (cal/g) CO 



1.5 0.247 + 6.2 X 10-* 25 < T < 187 
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5.4 Thermal Conductivity. 



Density 
(g/cm*) 



Conductivity 
(cal/cm-s-oC) 



1.5 



3.4x10- 



6.6 Heats of Combiutioii and Formatioii. 

AH? 
(kcal/mole) 



AH? 



(kcaJ/mole) 



RDX 



-660.7 



11.3 



5.7 Thermal Decomposition Kinetics. 



Property 



RDX 



Decompositian energy 
Activatian energy 
Pie-exp(mentiai factor 

5.8 Other Thermal Stability Test Results. 



500cal/R 

47.1 kcal/mole 
2.02 X 10"/8 



Test 



Results 



Vacuum 



DTA and pyrolysis 



0. 1-0.3 ml/g of gas evolved 

after 48 h at 120'C 
See Fig. 1 
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6. DETONATION PROPERTIES 



6.1 Detonation Vekcily. 

Effect of Charge Radius 

Charpe radius affects the detonation velocity nf l.rvw/cm' XTX 8004 confined in 
polycarbonate plastic in a hemispherical configuration as follows. 



Detonation 
Diameter Velocity 

(mm) (]nm/(is) 



« 7.45 

4.n 7.35 

3.13 7.30 

2.0 7.22 

1.75 7.16 

1.6 Failure 



7. SHOCK INITIATION PROPERTIES 



7.1 Gap Teat Results. 



Small Scale 

Density Gm 
(g/cm*) (mm) 



1.52 1.96 



8. SENSITIVITY 

8. 1 Drop Weight Impact Height. 



Hao 

(cm) 



ToolTVpe Cured Uncured 

12 70 65 

12B 170 145 
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2. THERMAL PROPERTIES 

2.1 Heat Gapacity Determination. Heat capacity was meaBured by use of a dif- 
ferential scanning calorimeter (DSC)'. In this instrument, a sample of explosive is 
subjected to a linearly increasing temperature and the heat flow rate, dH/dt, is 
monitored continuously. The heat capacity of the sample can be found from dH/dt 
" mCp(<n'/dt), where dH/dt * heat flow rate m calories per second, m » sample 
mass in grams, Cp = heat capacity in calories per gram per degree Celsius, T * 
temperature in degree Celsius, and t = time. In using this equation to find Cp, one 
must know both dH/dt and the rate at which the temperature is increased or, more 
commonly, use a material of known heat capacity to calibrate the instrument. 

Synthetic sapphire, whose heat capacity is well known, is used as a reference 

Table 2.01 HEAT CAPACITY DATA 



VaUd 
Temperature 





Deuity 


Heat Capacity, Cp 


RaiiiB 


EipMve 


<g/cm*) 


<cal/«-'C) 


CC) 


Pure Explosives 


DATB 


1.834 


0.20 + (1.11 X 10-')T - (1.81 X 10-*)T» 




DIPAM 


1.79 


0.235 + (6.2 X 10 *)T - (4.75 X 10-')T» 




HNS 


1.74 


0.201 + (1.27 X 10-")T - (2.39 X lO'W 




HMX 


1.90 


0.231 + (5.5 X 10-«)T 


37 < T < 167 


PETN 


1.770 


0.239 + (8.0 X 10-«)T 


37 < T < 127 


RDX 


1.804 


0.232 + (7.2 X 10-*)T 


37 < T < 167 


TATB 


1.938 


0,216 + (1,324 X 10-»)T - (2 X 10-')T« 




Tetiyl 


1.73 


0.213 + (2.18 X 10-«)T - (3.73 X lO-^T* 








CTastable Mixtures 




Comp B-3 


1.725 


0.234 + (1.03 X 10-»)T 


7 < T < 67 






0.137 + (2.09 X 10-«)T 


97 < T < 167 


TNT 




0.254 + (7.5 X 10-'')T 


17 < T < 67 






0.329 + (5.50 X 10-*)T 


97 < T < 167 






Plastic-Bonded Explorives 




HMX-Based 








PBX 9011 


1.772 


0.259 + (6.3 X 10")T 


17 < T < 167 


PBX 9404 


1.845 


0.224 + (7.0 X 10- ♦IT 


17 < T < 147 


PBX 9501 


1.835 


0.238 + (7.9 X 10-*)T 


50 < T < 175 


PETN-Based 








XTX 




0.262 + (8.6 X 10-«)T 


37 < T < 127 


RDXBased 








PBX 9010 


1.785 


0.247 + (6.4 X 10-*)T 


37 < T < 167 


PBX 9407 


1.G60 


0.241 + (7.7 X 10-«)T 


37 < T < 167 


XTX 8004 




0.247 + (6.2 X 10-«)T 


26 < T < 187 
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standard. To determine the heat capacity of an ezplonve, one must eatabliah a base 

line that indicates the differential heat loss of the two aluminum sample containers 
at the initial temperature. This is done by placing two empty sample containers in 
the DSC sample holders and subjecting them to a linearly increasing temperature. 
Next, a weighed sample of test explosive is placed in one container, both containers 
are subjected to the linearly increasing temperature, and the heat flow rate is 
recorded as a function of temperature. Then the procedure is repeated with a 
weighed sample of synthetic sapphire. 

The heat capacity at any temperature is calculated by using Cp = Cpi(m,) X 
(h)/mhi, where Cp = heat capacity of the explosive at temperature T, Cpi = heat 
capacity of the sapphire at temperature T, m = weight of the explosive sample, mi 
= weight of the sapphire, h = baseline deflection of the explosive sample, and hi ■ 
baseline deflection of the sapphire. 

2.2 Thermal Condiietivity. Two steady-state procedures have been used to 

determine the thermal conductivity of explosives. The first a the guarded hot plate 
(GHP) procedure that the American Society for Testing and Materials (ASTM) 
uses and describes^to test insulating materials in ASTM Source C-177. The second 
procedure involves a differential scanning calorimeter.' The DSC sample is much 
smaller and more suitable for testing high explosives than is the GHP sample. 

The DSC method requires two identical right chrcular cylinders, one of the test 
material and the oth» of a reference material. The thermal conductivity is deter- 
mined, under steady-state conditions, from the heat flow and temperature drop 
along the cylinder length. The following equations apply. 

and 
where 

qi - q, = DSC output, 
A = area of cylinder base, 
L " cylinder length, 

AT = temperature drop along the cylinder length, 
k] s thermal conductivity of reference material, 

and 

ki - thermal conductivity of unknown. 

Because AT, A, and L of both the reference and unknown are indmtical, the ther- 
mal conductivity of the unknown is given by 
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2 h' A AT 

For thermal conductivity measurements, the DSC must have a sample-mounting 
structure consisting of a common metal plate or heat sink, an insulating block, an 
aluminum radiation shield, and sample holders. The unknown and reference sam- 
ples are placed in good thermal contact wHh tbe aample holder plate and are sur- 
rounded by an aluminum radiation ehield. An insulating block separates the heat 
sink and shield. The tops of the samples make thermal contact with a copper heat 
sink through two circular holes in the insulating block. Thermocouples in the heat 
sink and sample holders measure the temperature at the sample surfaces. 

2.3 Coefficient of Thermal Expansion. Two procedures were used to measure 
the coefficient of thermal expansion. That used Ua large spedmens was the 

Table 2.02 THERMAL CONDUCTIVITY 

Thermal Test Temperature or 

Density Conductivity Temperature Range 

Explosive (g/cm») (cal/cm-s-°C) (C) Method 



Pure Explosives 



DATB 


1.834 


6 X 10- 




DSC- 


HMX 


1.91 


1 X io-» 




DSC 


NQ 


1.65 


1.014 X 10-* 


41 


DSC 


RDX 


1.806 


2.63 X 10-« 




GHP"* 


TATB 


1.938 


1.3 X 10-» 




GHP 


Tetryl 


1.73 


6.83 X 10 * 




GHP 


TNT 


1.654 


6.22 X 10-* 




GHP 


TPM . 


1.75 


5 X 10* 




GHP 






Castable Mixtures 






Comp B 


1.790 


6.23 X 10 * 


30-46 


GHP 


Cyclotol 75/25 


1.760 


5.41 X 10-« 


45 


GHP 






Plastic-Bonded Explosives 






HMX-Based 










PBX 9011 


1.772 


9.08 X 10-* 


43.4 


GHP 


PBX9404 


1.845 


9.2 X 10-* 


46.2 


GHP 


PBX 9501 


1.847 


1.084 X 10-» 


56 


GHP 


PETN-Based 










XTX8003 


1.54 


3.42 X 10 * 


39.8 


GHP 


RDX Based 










PBX 9010 


1.875 


6.14 X 10-* 


48.8 


GHP 



'Differential scanning calorimeter. 
*Giiuded hot plate method. 
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American Society for Testing and Materials procedure D696-70, "Co^cient of 

Linear Expansion of Plastics." A DuPont Model 900 thermal analyzer equipped 
with a Model 941 thermomechanical analyzer (TMA) was used for single crystals 
and small specimens. They are denoted by ASTM and TMA in the following tables. 

2.4 Themial Decomposition Kinetict. The thermal decompositioii rate con- 
slants of explosives, discussed in detail by R. N. Rogers,'*^ are found using a dif- 
ferential scanning calorimeter at constant temperature. 

The kinetic constants were determined using a Perkin-Elmer DSC -IB or DSC-2. 
Samples were sealed in Perkin-Elmer No. 219-0062 aluminum cells perforated by a 
single 0.15-mm-diam hole. Differential and average temperature caHlnatiinis of the 
DSC- IB were checked before the runs. 

The recOTder and the DSC with two empty odls on its supports are set at the test 
temperature. The sample cell is removed, and the instrument is allowed to 
equilibrate. The recorder is started, the instrument range switch is set, and the 
sample is dropped onto the support. The sharp break on the record is used to mark 
2&K> time. (The absolute posilion of the uaco point on Uie time axis is unimportant 
because rate constants are determined from the slope of the In deflection, b, vs 
time, t, plot.) 

The DSC deflection above the base line, b, is directly proportional to the rate of 
energy evolution or absorption by the sample, dq/dt, which is proportional in turn, 
to the reaction rate da/dt. Therefore, 

ah = /9dq/dt = da/dt = k(l - a) » (1) 

where a and 0 are proportionality constants and k is the rate c(mstant. Hence, 

In b = In k/tt + hi(l - a) . (2) 
For a first-order reaction, 

-hid - a) - kt + C , (3) 

where C is a constant. Substituting Eq. (3) into Eq. (2) and combining constants 

gives 

In b = C - kt . 

Therefore, rate constants for first-order reactions can be obtained directly from a 
plot of In deflection vs time. This provides the rate constant, k, as a function of 
temperature, since k is given by 

k = Ze 
where 
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Z s the pre-exponential factor in zeciprocal seoonds, 
and 

E = energy in kilocalories per mole. 

The chemical Arrhenius data plot, hi k as a function of 1/T, was used to obtain Z 
and E. 

The fraction decomposed is determined by Simpson's Rule integratioii using 
closely spaced deflection measuzements. 

'Mile 2.04 D£X;OMPOSITIONKIN£TICS 

Heat of Activation 







Density 


Reaction, Q 


z 


Energy, 


Explosive 


State 




(eal/g) 


(1/s) 


(kcal/mo 


Pure Explosives 


BTF 


Liquid 


1.901 


600 


4.11 X 10" 


37.2 


DATB 


Liquid 


1.834 


300 


1.17 X 10" 


46.3 


DIPAM 


Liquid 


1.79 




2.22 X 10* 


29.2 


HMX 


Liquid 


1.81 


500 


6X10» 


62.7 




Vapor 






1.51 X 10«» 


52.9 


HNS 


Liquid 


1.65 


500 


1.53 X 10» 


30.3 


NQ 


Liquid 


1.74 


500 


2.84 X 10' 


20.9 


PATO 


Liquid 


1.70 


500 


1.61 X 10" 


32.2 


PETN 


Liquid 


1.74 


900 


6.3 X10» 


47.0 


RDX 


Liquid 


1.72 


500 


2.02 X 10" 


47.1 




Vapor 






3.14 X 10" 


34.1 


TATB 


Solid 


1.84 


eoo 


8.18X10** 


59.9 


Tetiyl 


Liquid 


1.73 




2 J X10» 


38.4 


TNT 


Liquid 


1.57 


aoo 


2.51 X 10" 


34.4 


TPM 


Liquid 


1.75 




1.05 X 10" 


48.5 



2.5 Heats of Combustion and Formation. Combustion experiments were ctm- 
ducted in a stationary oxygen-bomb calorimeter that had an automatically con- 
trolled adiabatic jacket. The calorimeter was calibrated by burning standard ben- 
zoic acid to determine its effective energy equivalent. 

The standard heat of combustion of the explosive (in IdlocalorieB per mole) was 
calculated by use of 

AH? - AEg + 0.593 (-^ -4-^2)' 
where b, c, and d are subscripts in the chemical formula CaH^NeOd, 
AHg ■ standard heat of combustion at 25^0, 

and 
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AEg = standard internal energy of combustion at 25"C. 

The standard heat of formation of the explosive (in kilocaloriee per mole) was 

calculated by the use of 

AH? = aAH?(CO„f?) + ^AH? (H,0,1) - AH? 
where AHr = the standard heat ol tormation of sample, 
AH?(CO„g) » -94.051 kcal/mole, 
AH$(H,0,1) « -68.315 kcal/mole, 

and a and b are the same subscripts as above. 



Table 2.05 STANDARD HEATS 
OF COMBUSTION AND FORMATION 



Explosive 



Heat of Combustion* 

(kcal/mole) 



Heat of Formatlon» 

AH? 
(kcal/mole) 



ABH 

BTF 

BTX 

DATB 

DIPAM 

DODECA 

HMX 

HNAB 

bis-HNAB 

HNBP 

HNS 

NONA 

NQ 

ONT 

PADP 

PATO 

PENCO 

PETN 

PYX 

RDX 

T-TACOT 

Z-TACOT 

TATE 

Tetryl 

TNN 

TNT 

TPB 



-2578.4 

-708.1 
-1336.2 

-711.5 
-1326.8 
-2512.8 

-660.7 
-1333.2 
-2663.3 
-1279.9 
-1540.3 
-1891.2 

-210.4 
-1917.6 
-1917.4 

-959.5 
-1366.9 



-1858.8 
-501.8 

-1377.7 
1875.7 
-735.9 
-836.8 

-1090.0 
-817.2 

-2502.6 



618.7 



116.3 

143.8 
70.9 
-23.6 
-6.8 
50.6 
11.3 
67.9 
191.1 
14.6 
18.7 
27.4 
-20.29 
19.7 
147.7 
36.3 
-26.6 
110.34 
20.9 
14.7 
112.4 
110.5 
-33.4 
7.6 
12.3 
-12.0 
-62.1 
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c 




0 E F 0 



A 



c 



Fig. 2.01. Differential theimal 

analysis cell. 

A. Stainless steel tube 

B. Plug 

C. Thermocouple insulator 

D. Thermocouple junction 

E. Sample compartment 



2.6 DUferential Thermal Analysis and Pyrolysis Test. Smothers and Chiang* 
give a complete discussion of the differential thermal analysis technique, and its 
theory and a complete review is given in the Analytical Reviews edition of 

Analytical Chemistry * 

Figure 2.01 shows the DTA cell design. The 0.139-in.-o.d., 1.25-in. -long stainless 
steel hypodermic tube, A, is reamed to accept the 0.115-in.-o.d. thermocouple in- 
sulators, C. The relatively low thermal conductivity of stainless steel allows use of 
the axial cell arrangement. The plug, B, between the sample and reference sides of 
the cell is made by impregnating a small wad of quartz wool with Sauereisen ce- 
ment and packing it into the center of the tube. After the cement is dry, the cell is 
ignited in a burner flame. The thermocouples, D, made from 28-gauge 
Chromel/Alumel, are arc-w^ded against a carbon rod at tiie clipped end of a single 
twist of both wires. 

Expendable tube furnaces are a 75-ohm helical coil of Nichrome wire distributed 
on a helically grooved, .'5-in.-long, 1 l/16-in.-i.d. Alundum tube. A ■21/^^2-in.-o.d. by 
3/8-in.-i.d. by 3-in.-long graphite tube is used as a turnace liner for thermal ballast. 
A l/4-in.-o.d. aluminum tube is inserted into the furnace liner but is isolated from it 
1^ asbestos "0" rings at each end. The natural tubing-cutter constrictions at the 
ends of the aluminum tube support the thermocouple insulators of the DTA cell 
and keep it from touching the aluminum walls. A 6-in. cube of foamed glass con* 
tains and insulates t he assembly. The entire assembly is placed in a blast shield box 
before a run is started. 

The reference thermocouple that indicates ceil temperature is connected to the 
abscissa terminal of a Mosel^ Autograf Model 2 X>Y recorder. A Leeds and 
Northrup Model 9836-B dc microvolt amplifier amplifies the diffierential ther- 
mocouple output, which is then connected to the ordinate terminal of the X-Y 
recorder. An F&M Model 40 linear temperature programmer, which provides a con- 
stant heating rate to the cell, is controlled by a thermocouple placed between the 
Alundum furnace shell and the graphite liner. 

Five- to twenty-milligram samples give the brat results, but samples as small as 3 
mg can be tested. The differential temperature scale normally used is ± S'^C, but 
the sensitivity can be increased to record differential temperatures of ± Q.5°C. 

A deflagration usually does not damage the DTA cell beyond repair. A low-order 
explosion will destroy the sample thermocouple, but the thermocouple can be 
replaced without changing the zero-line characteristics of the cell. Detonation of a 
10-mg sample will destroy the entire assembly, often including the insulation. 

Pyrolysis. Figure 2.02 shows the apparatus used to obtain the pjnroljrsis curves, 
and Fig. 2.03 gives details of the pyrolysis block. In this test an ~10-mg sample of 
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Fig. 2.02. Pyrolysis apparatus. 

A. Carrier gas supply 

B. F'ressurc rc<,'u!afnr 

C. Flow control needle valve 

D. Reference thermal conductivity cell 

E. Pyrdysis chamber 

F. Combustion tube 

G. Active cell 

H. Manometer 

I. Piessuie contiol needle valve 
J. Rotameter 




Fig. 2.03. Pyrolysis block. 

A. Pyrolysis chamber 

B. Nickel plug 

C. Carrier gas inlet 

D. Carrier gas outlet 

E. Cartridge heater wells (2) 

F. Helical threads cut in inner body 
of block 

G. Outer shell of block 

H. Cooling jacket inlet 
I. Cooling jacket outlet 



test material is weighed into a small combustion boat and placed in the pyrolysis 
chamber, initially at room temperature. A 10- to 15-ml/min flow of helium is then 
started, and when the air has been swept oat, the pyrolysia dumber temperature 
raised at a constant rate, usually lO'C/min. The helium stream carries gases 
evolved from the sample through the combusticmtube and into the thermal conduc- 
tivity cell, G. The two cells, D and G, form two arms of a Wheatstone bridge whose 
output varies with the concentration of impurities (decomposition products, etc.) in 
the efllueni helium stream. The bridge output is fed to one axis of an X-Y recorder, 
and the pyrolysis chamber temperature is fod to the other. In this manner, the rate 
of gas evolution from the sample as a funcdon of chamber temperature is deter- 
mined. 

The combustion chamber converts the more complex products, such as undecom- 
posed but vaporized explosive, to simple molecules. This increases the bridge sen- 
sitivity and also keeps these products from condensing in the cooler parts of the ap- 
paratus. 

Data Presentatimi. All the DTA curves were determined at a heating rate of 

ll°C/min with granular NaCl as the reference sample. All the pyrolysis curves were 
determined at a heatinp rate of 10°C/min. Gas-solid interactions were minimimized 
because gaseous products were swept away firom the sample in the pyrolysis ap- 
paratus as rapidly as they were formed. 

Any possible contribution to the reaction from atmospheric oxygen also was 
eliminated, because the carrier gas was helium. 
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2.7 Time-to- Explosion Test. All explosives decompose exothermally at 
temperatures above absolute zero. When chemical decomposition produces heat 
faster than it can be dissipated to the surroundings, the explosive mass self-heats to 
explosion. In steady -state conditions, the temperature atwbich a thermal ezplosicm 
is produced is called the critical temperature, Tm. A relatively simple expression 
for the critical temperature has been derived' in terms of the kinetic and physical 
parameters. 



Tm 



R In 



A PQZE 



where 

R « gas constant, 1.987 cal/mole, 

A = radius of sphere, cylinder, or half-thickness of a slab, 

p = density, 

Q = heat of decomposition reaction, 
Z - pre-exponential factor, 

E ■ activation energy, 
X = thermal conductivity, 

& = shape factor (0.58 for infinite slabs, 2.0 for infinite cylinders, 3.32 for 
spheres). 

The LASL method for determining critical temperatures is based on a time-to- 
explosion test that Henkin' developed. The explosive sample, usually 40 mg, is 
pressed into a DuPont E-83 aluminum blasting-cap shell and covered with a hollow, 
skirted plug. A conical punch is used to expand the plug and apjily a reproducible 
400-lb force. This plug expansion forms a positive seal and coniines the sample in a 
known geometry. The density, which can be calculated firom a sample thickness 
measurement, is usually about 90% of the crystal density. 
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This assembly is dropped into a preheated liquid metal bath, and the time to ex- 
plosion is measured as the time to the sound created by the rupture of the blastiiig 
cap or unseating of t he plug. The lowest temperature at which a runaway reaction 
can be obtained is the Tm. Many tests are required to determine Tm with con- 
fidence, because it is necessary to raise and lower the bath temperature across the 
apparent Tm, make many separate tests, and allow enough time for a reaction. A 
safe failure criterion for 40-mg samples is no explosion in 1000 seconds. We have 
never obtained an ezploeion after 10 000 seccmda. 

Because the reactions can be violent, the metal-bath enclosure shown in Fig. 2.04 
is used. The baffles keep most of the hot metal in the chamber, and the test can be 
made behind a shield in a fume hood. 




Fig, 2.04. Time-to-explosion 
test metal-bath assembly. 

A. Cartridfic heaters (3 each) 

B. Top assembly, bolted to base 

C. Sample-ceil holder (the sam- 
ple cell is insulated firom the 
holder by a band of glass 
tape around its top) 

D. Sample-cell holder pivot 
arm, which allows cdl and 
holder to be inserted remote- 
ly into the lower assembly 

E. Metal-bath container, made 
from mild steel for stability 
when containing molten 
metal 

V. Sample cell 

G. Sample cell support 
pedestal, whose length is ad- 
justed to the sample cell 
length 
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Tib]e2.06 TIMB-TO-EXPLOSION TEST 



T„, a Density 

Explosive rC) (ram) (g/cm*) 



Pure Explosives 

BTF 249 ± 1 033 1.81 

DATB 321 ± 2 0.35 1.74 

HMX 253 d: 1 0.33 1.81 

HNS 320 ±1 0.37 1.66 

NQ 202 :t 2 0.39 1.63 

PATO 281 ± 1 0.37 1.70 

PETN 201 ± 2 0.34 1.74 

RDX 216 ± 1 0.35 1.72 

TATB 331 ^Pl 0.331.84 

TNT 288 ± 1 0.38 1.57 

TPM 316 ± 2 0.72 1.66 



Castable Explosives 

Amatex^O 226 ± 4 035 
Comp B 214 0.35 

Cy€lotol 75/24 208 0.35 

Plastic-Bonded Exploeives 

PBX 9404 236 ± 1 
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3. DETONATION PROPERTIES 

3.1 Detonation Velocity and Diameter Effect. The velocity with which a steady 
detonation travels through an explosive is measured by using a broomstick-shaped 
piece of the explosive, called a fate stick. A standard rate stick is a right cylinder, 
usually composed of a number of shorter cylinders that have been cast, pressed, or 
machined to a predetermined diameter. The stick is detonated at one end, and the 
progress of the detonation is measured at discrete points along the stick length. The 
locations of the measurement points are determined with a micrometer. The times 
at which the detonation iront reaches these points are determined by using the high 
conductivity or pressure at the detonation front to close an electrical switch called a 
pin. The switch closure allows a capacitor to discharge, and the associated signal is 
recorded on a fast oscilloscope. The detcmation velocity can be calculated from the 
measured distances and times by using an appropriate numerical procedure. 

Sometimes optical records of the detonation trajectory along the stick have been 
obtained with a smear camera, but this less precise method is used only in special 
circumstances, as for very small aiameter sticks in which pins might perturb the 
detonation wave significantly. 

When a rate stick is detonated initially, there usually are velocity transients for 
some distance along its length. Therefore, the data from the first part of the run, a 
distance equal to six rate stick diameters, usually are discarded. Detonation 
velocities in plastic-bonded explosives pressed to more than 95% of theoretical den- 
sity commonly are measured to within 0.1% by these techniques. 

Liquid-explosive rate sticks must be contained in rigid cylinders. The way in 
which this container affects the det<mation velocity and the explosive diameter at 
which failure occurs is called the confinement effect. When measuring the detona- 
tion velocity of a confined explosive, one should make the container walls thick 
enough to represent infinitely thick walls, to simplify data interpretation. 

Details of these techniques are given in A. W. Campbell and Ray Engelke, Sixth 
Symposium (International) on Detonation^ San Diego, California, August 1976, Of- 
fice of Naval Research Symposium report ACR'221, and in other works dted 
therein. 



Diameter-Effect Curve 

The velocity of a detonation traveling in a cylindricfd stick decreases with the 
stick diameter until a diameter is reached at which ctetcmaticm no longer 
propagates. That is called the failure diameter. The steady detonation velocity as a 

function of the rate stick radius is given by D(R) = D(«»)[l - A/(R — R^)], where 
D(R) and D(oo) are the steady detonation velocities at rate stick radius R and at in- 
finite radius, respectively. A and R^. are fitting parameters. Campbell and Engelke 
discuss this fitting form. Table 3.01 lists nonlinear least squares fits of this function 
to empirical data. The fits can be used to interpolate the detonation vdodty at any 
diameter that will allow detonation to propagate. 
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Table 3.02 DETONATION VELOCITY 
VB COMMERCIAL-GRADE LIQUID NITROM£THANE> 
RATE STICK DIAMETER 

Average 

Rate Stick Diameter Velocity D 

(mm) (mm/M*)'* LengtVDiameter'' 



95.25 


6.210 


8 


25.40 


6.201 


30 


25.37 


6.200 


30 


12.79 




60 


12.70 


6.190 


60 


6,33 


6.169 


120 


6.43 


6.166 


120 


3.00 


6.128 


254 


3.05 


6.125 


254 


2.41 


Failed 


316 



'The nitromethane, which had been purified by redistillation, was confinMl 

in brass tubes with ri.l8-mm-thirk walls that were effectively infinite, unless 
otherwise specitted. The firing temperature was 93.0*F and the density was 
1.093 g/bm*. 

"D is the average velocity throuRh the stick obtained with electrical pins. 
The initiation assembly consisted of an SE-1 detonator, a booster pellet, a P- 
16^ and a cube of Comp B bigger than the tube diameter. 
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Table 3.06 COMPOSITION B DET ONATIO N VELOCITY 
vs RATE STICK DIAMETER 



Rate sack 

Shot Diameter D±a Density Length/ Initiation 

No. (mm) (mm/iis)" (i^en*) DkumCer AimoiIiIs^ 



B-727 


25.5 


7.868 


1.706 


2 




B-728 


25.5 


7.887 


1.706 


2 




B-785 


24.8 


7.869 


1.704 


5.2 


c 


B-785 


24.8 


7.864 


1.702 


5.2 


c 


B-785 


24.8 


7.847 


1.098 


6.2 


e 


B-757 


12.7 


7.816 


1.704 


4 




B-758 


12.7 


7.819 


1.703 


4 




B.790 


10.0 


7.787 


1.703 


5 


e 


B-790 


10.0 


7.792 


1.701 


6 


e 


B-790 


10.0 


7.755 


1.701 


6 


e 


B-749 


8.48 


7.738 


1.704 


6.3 




B-738 


8.47 


7.742 


1.708 


6 




B-786 


7.95 


7.738 


1.704 


6.4 


e 


B-786 


7.95 


7.726 


1.704 


6.4 


e 


B-786 


7.96 


7.746 


1.704 


6.4 


e 


B-739 


6.36 


7.648 


1.703 


10.4 




B-740 


6.35 


7.650 


1.700 


8 




B-780 


6.61 


7.672 


1.706 




c 


B.781 


5.61 


7.561 


1.706 




c 


B-748 


5.10 


7.476 


1.705 


9.2 




B-750 


5.08 


7.476 


1.705 


9.9 




B-784 


4.64 


7.326 


1.703 


10.9 


c 


B-778 


4.60 


7.908 


1.706 


11.0 


« 


R-782 


4.45 


7.092 


1.701 


11.4 


e 


B-783 


4.43 


7.066 


1.703 


11.5 


e 


B-771 


4.28 


6.709 


1.704 


7.9 


c 


B-770 


4.27 


Failed 


1.700 


11.8 


e 



'Average velocity through the stick. 

"SE-l detonator, pellet. >4H]iamCompBnmiq». 
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Table 3.06 
CYCLOTOL DETONATIO N 
VELOCITY vs RATE STICK DIAMETER* 

Rate Stick 



Diameter D Density 

(mm) (mmZ/is)" (g/cm' ) 



101.6 8.217 1.740 

50.8 8.204 1.740 
25.4 8.160 1.740 

16.9 8.107 1.740 
12.7 8.116 1.740 

8.5 8.012 1.740 

7.3 7.859 1.740 

6.4 7.664 1.740 

5.6 FaUed 1.740 



•Information on the booster. lr-ni;th-t(HiiailWti*r ratio, 

and shot numbers was unavailable. 

V is probably the averaie of a lat of Mginaiital 

velocities. 
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Table 3.11 COMPOSITION A 

DETONATION VEL OCITY 
VI RATE SnCK DIAMETER" 

Rate Stick 



•Deniity is 1.687 g/cm*. 
^bifemnation an Hm booita, length-to- 
diameter ratio, and iliatnumbni was un- 
available. 

*D 18 probably tha avaraga of a aet of 
aegmantal velocities. 



Diameter 
(mm) 



D 

(mm/MS)" 



25.37 

12.70 
8.46 
6.36 
5.08 
4.24 



8.262 

8.254 
8.236 
8.213 
8.172 
8.148 
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Table 3.14 XTX-8003 DETONAT ION VELOCITY 
▼■ RATE STICK DIAMETER 



Shot 
No. 



Rate Stick 
Diameter 



Density 



Length/ 
Diameter 



(mm) 



Booeter 



e 



1.02 

0.45 
0.26 
0.19 



7.248 ± 0.014 

7.244 ± 0.016 
7.167 ± 0.015 
7.087 ± 0.021 



1.58 

1.53 
1.63 
1.53 



199 

452 

782 
1069 



IE 30 

IE 30 
IE 30 
IE 30 



■Fired in half-cylinder geometiy confined in polycarbonate. 

is the averaf^e of the linear least squares detonation velocities obtained from the 41 shots, and a is 

the standard deviation of the 1) values ahi ya: ihf average value. 

'Because these values are average results from 41 shots at each diameter, shot numbers are not listed. 

3.2 Cylinder Test Performance. The cylinder test, developed at the Lawrence 

Livermore Laboratory, is used to compare directly the dynamic performance of ex- 
plosives or to derive empirical equations of state for their detonation products. 

A l-in.-i.d. OFHC copper tube is filled with the test explosive. The tube wall 
thickness is controlled to give a nominal loading of 4.0331 grams of copper per cubic 
centimeter of explosive. The explosive is detonated at one end of the tube, and a 
rotating mirror camera records tube wall expansion as a function of time. The 
camera slit is positioned at a point 9 diameters (228.6 mm) along the tube bom the 
detonated end. 

The wall position -vs- time record on the camera film is measured in approx- 
imately 500 places, and these data are fitted with a seventh-order polynomial or 
various splines. Wall velocities are then obtained by differentiating the fits. Fine 
detail in the wall motion can be resolved by increasing the number of knots in tho 
spline-fitting form from 15 to 30 or 50. 

Given test explosive diameters at which detonation velocity varies little, the tube 
wall trajectory scales linearly with cylinder diameter. Therefore data from tests at 
nonstandard diameters are commonly scaled to 25.4 mm for comparison. For two 
common nonstandard diameters, 50.8 and 101.6 mm, the camera split is located at 
a position only six diameters distance along the tube firom its detonated end. 

The detonation velocity of each explosive is monitored by 12 probes made of 50- 
/im-diam enameled copper wire and attached to the outside of the copper tube at 
2.^-mm intervals. The chnrpe temperature is kept at 24 i 2°C, and the charge is 

llred in a helium atmosphere to minimize shock refraction effects at early time. 

Cylinder wall velocity data at early times should be evaluated caieAiUy, because 
the early expansion consists of a series of shock-induced accelerations accompanied 
by a pullback. Also the preferred test in a helium atmosphere may give slightly 
lower wall expansion values and velocity than similar tests in air. 

Wall velocity accuracy is thought to be 0.5% or better for high-quality explosives. 
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TMb 3.17 PBX-9501 WALL VELOCITY vs EXPANSION RADIUS 

IN l-in. CYLINDER TEST 

Average 

Specific 

Expansion Wall Velocity Average Wall Wall Kinetic 

Radius jmm/iM) Velocity Energy 

(mm) C-4521 C-4526 (mm/nB) {mm/us)' 



4 


1.509 


1.484 


1.497 


2.240 


5 


1.536 


1.532 


1.534 


2.353 


6 


1.568 


1 .572 


1.570 


2.465 


7 


1.608 


1.6U6 


1,607 


2.682 


8 


1.645 


1.634 


1.640 


2.688 


9 


1.669 


1 .655 


1.662 


2.762 


10 


1.681 


1.669 


1.675 


2.806 


11 


1.690 


1.682 


1.686 


2.843 


12 


1.702 


1.697 


1.700 


2.888 


13 


1.716 


1.712 


1.714 


2.938 


14 


1.731 


1.727 


1.729 


2.9S?) 


15 


1.745 


1.740 


1.743 


3.o;i6 


16 


1.769 


1.752 


1.766 


3.082 


17 


1.770 


1.761 


1.766 


3.117 


18 


1.777 


1.767 


1.772 


3.110 


19 


1.780 


1.772 


1.776 


3.154 


20 


1.785 


1.779 


1.782 


3.176 


21 


1.795 


1.791 


1.793 


3.215 


22 


1.812 


1 .808 


1.810 


3.276 


23 


1.829 


1.825 


1.827 


3.338 


24 


1.837 


1.837 


1.837 


3.375 


25 


1.839 


1.845 


1.842 


3.393 


26 


1.835 


1 .8.50 


1.843 


:^..195 


27 


1.834 


1.854 


1.844 


3.400 


28 


1.837 


1.855 


1.846 


3.408 


29 


1.843 


1.855 


1.849 


3.419 


30 


1.851 


1.859 


1.855 


3.441 



I 
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TtUe 3.18 PBX-9502 WALL VELOCITY vs EXPANSION RADIUS 
IN l-in. CYUNDER TESTS 



Expansion 
Radius 
(mm) 



WaU Velocity 
(mmZ/is) 



C-4454 



04455 



Average Wall 

Velocity 

(mm/MB) 



Average Specific 
WallKinetio 



(mm/MB)* 



4 










5 


1 265 


1 216 


1 241 




O 




1 W> 






7 


1.320 


1.327 


1.324 


1.752 


8 


1.340 


i.;i'U 


1.337 


1.788 


9 


1.359 


1.348 


1.354 


1.8.32 


10 


1.374 


1.366 


1.370 


1.877 


11 


1.385 


1.382 


1.384 


1.914 


12 


1.395 


1.393 


1.394 


1.943 


13 


1.403 


1.401 


1.402 


1 .mi 


14 


1.410 


1.408 


1.409 


1.985 


15 


1.417 


1.414 


1.416 


2.004 


16 


1.423 


1.420 


1.422 


2.021 


17 


1.429 


1.425 


1.427 


2.036 


18 


1.434 


1.429 


1.432 


2.049 


19 


1.438 


1.432 


1.435 


2.059 


20 


1.441 


1.437 


1.439 


2.071 


21 


1.445 


1.443 


1.444 


2.065 


22 


1.448 


1.451 


1.450 


2.101 


23 


1.449 


1.457 


1.453 


2.111 


24 


1.450 


1.461 


1.456 


2.118 


25 


1.453 


1.462 


1.458 


2.124 


26 


1.461 


1.464 


1.463 


2.139 


27 


1.468 


1.467 


1.468 


2.154 


28 


1.473 


1.471 


1.472 


2.167 


29 


1.476 


1.475 


1.476 


2.177 


30 


1.488 


1.477 


1.480 


2.190 
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Table 3.20 X-0284* 

WALL VELOcrry v» expansion radius 

IN 4-in. CYLINDER TEST 

Average Specific 
EzpaiMion Wall Velocity Wall Kinetic 

Radius C-4453 Enercy 

(mm) {mm/fiM) (mm/M>)' 



1 


1.103 


1.217 


5 


1.156 


1.334 


6 


1.195 


1.428 




1.228 


1.508 


8 


1.254 


1.573 


9 


1.278 


1.633 


10 


1.298 


1.685 


11 


1.316 


1.732 


12 


1.331 


1.772 


13 


1.345 


1.809 


14 


1.357 


1.841 


15 


1.368 


1.871 


16 


1.377 


1,^W 


17 


1.385 


i.yiH 


18 


1.392 


1.938 


19 


1.399 


1.957 


20 


1.405 


1 .974 


21 


1.410 


1 .'Jf^ 


22 


1.416 


2.005 


23 


1.422 


2.022 


24 


1.428 


2.039 


25 


1 .4.33 


2.053 


26 


1.437 


2.065 


27 


1.440 


2.074 



•Also called Pamatex/20 and Amatez>20K. 
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Table 3.25 X-0309* 
WALL VELOCITY vs EXPANSION RADIUS 
IN 2-iii. CTUNDBR TESTS 







Average Specific 


Expansion 


WaU Velocity 


Wall Kinetic 


Radius 


B-8203 


Energy 


(nun) 


(mm/uM) 




4 


0.985 


o.yvu 


5 


1.022 


1 .U40 


6 


1.050 


l.iUo 


mm 

7 


1.074 


1.154 


8 


1.095 


1.199 


9 


1.114 


1.241 


10 


1.130 


1.277 


11 


1.145 


1.311 


12 


1.158 


1.341 


13 


1.168 


1.364 


14 


1.177 


1.385 


15 


1.184 


1.402 


16 


1.190 


1.416 


17 


1.195 


1.428 


18 


1.200 


1.440 


19 


1.206 


1.454 


20 


1.212 


1.469 


21 


1.219 


1.486 


22 


1.225 


1.601 



"Also called Destex. 



3.3 Detonation Pressure Determined from Initial Free-Surface Velocity. The 
detonation pressure is important in any design involving explosives, because it 
drives inert materials and initiates other explosives. Although detonation pressure 
has been measured directly," the most commonly used values are from experi- 
ments in which it has been infened from its measuied effects in other materials. 
The fiollowing initial free-surface velocity experiment provides infnential measure* 
ments of detonation pressure. 

Tn an initial free-surface velocity experiment, one face of a parallelepiped of test 
explosive is initiated by a plane-wave lens. In intimate contact with the opposite 
face is a plate of inert material. The initiated detonation wave traverses the test ex- 
plosive thickness and transmits a shodc wave into the inert materiaL When this 
shock wave reaches the free surface of the in«t material, it accelerates it. The in- 
itial velocity of the free surface is measured. By varying the thickness of the inert 
plate and measuring the free-surface velocity, one can plot free-surface velocity vs 
plate thickness and then extrapolate to zero plate thickness. By knowing the plate 
material equation of state, one can find a corresponding shock velocity and shock 
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pressure. The "acoustic approximation" is then used to calculate the carresponding 
explosive pressure from ?« - P„ (pomU, + pniD)/^«„U., where P, « pressure in the 

explosive, Pn, = pressure in the inert plate, pom and pox = initial densities in the 
inert plate and explosive, respectively, U, - shock velocity, and D ■ detonatioii 

velocity. 

Using an assumed 7-law equation of state for the explosive reaction products, one 
can then calculate y - (poiD"/Pi) - 1 and Up, « D/{y + 1). 
The flash-gap technique was used to measure the inwt plate's initial free-surface 

velocities. "Step blocks" of polymethylmethacrylate were mounted on the plate, 
with 0.1-mm-thick steel shim-covered argon flash gaps as shown in Fig. 3.01. The 
explosive-accelerated inert plate closed the pair of lateral reference gaps when it 
began moving, and after traversing the known free-run distance, it closed the other 
identical gap. The length of this firee run was selected to avoid shock reverberation 
effects on the velocity. Closure of the gaps provided a brilliant, brief flash of light. 
Images of the flashes were recorded by a streaking camera using multiple slits and 
yielding multiple determinations of the free-run time, hence velocity. The typical 
width of a flash gap along the slit length was 19 mm. The initial free-surface 
velocity technique is described in more detail in "Measurement of Chapman- 
Jouguet Pressure for Explosives" by W. E. Deal.* 

Table 3.26 lists the detonation or Chapman-Jouguet (C-J) pressure, P^; the ex- 
plosive's part icle velocity, Up.; and the parameter of the assumed 7-law equation of 
stale, 7, lor each explosive. 

Subsequent tables give densities, compositions, sample sizes, boosters, and the 
detailed shock information on each explosive. In the "analysis" section of the tables, 
t represents plate thickness; p, density; P, pressure; Un, free surface velocity; U., 
shock velocity; Up, particle velocity; D, detonation velocity; and 7, the parameter of 
the assumed 7-law equation of state. The subscript "0" refers to initial state, "x" to 
explosive, and "m" to the plate material. The parameters are given for a linear least 
squares fit of free-surface velocity vs plate thickness, and the corresponding ex- 
plosive parameters are derived from the acoustic apiHroximation. 

The detonation pressure has been shown to be a function of the charge geometry, 
and these data are omitted herein. 



CAM6NAVICW 

^ SUT PLATE 



Fig. 3.01. PlexiKlas block as- 
sembly lor measurement of free- 
surface velocity of an explosive- 
driven plate. 
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Tables^ COMPOSITION B ON DURAL 



Explosive 

RDXATNT: 64.0 ± 0.6 wt% RDX. l.Ti:^ ± 0.002 g/cm^ Holston" Grade A Com- 
position B. Two 102- by 254-mm pieces to make 20:^mm thickne.'^s. P-08() booster. 
D = 3.127 po -J- 2.673 at 65 wt% RDX and increases 0.0134 km/s per 1 wt% RDX 
increase. 



Plate 
Durai. 



Shot 
No. 



Plate 

Density 
(g/cm') 



Plate 
Thickness 
(mm) 



No. 
Deto 



Free-Surface 
Velocity 





2.793 


1.85 


3 


3.414 ± 0.027 




2.793 


2.54 


5 


3.389 ± 0.028 


k 


2.793 


3.16 


3 


3.378 ± 0.018 


h 


2.794 


3.77 


3 


3.350 ± 0.017 


b 


2.797 


4.83 


2 


3.351 :t 0.013 


b 


2.793 


5.08 


7 


3.330 ±0.016 


8A679 


2.790 


6.32 


5 


3,:?63 ± 0.011 


b 


2.794 


6.34 


4 


3.304 ± 0.028 


8A665 


2.790 


6.37 


5 


3.320 ± 0.017 


b 


2.793 


7.61 


5 


3.290 ±0.024 


b 


2.797 


8.10 


2 


3.312 ± O.OOC 


b 


2.794 


8.87 


2 


3.251 ± 0.021 


«A2tj6 


2.793 


9.96 


24 


3.297 ± 0.025 


b 


2.793 


10.17 


7 


3.261 ±0.032 


b 


2.796 


11.31 


4 


3.266 ±0.033 


b 


2.793 


12.23 


4 


3.240 ± 0.018 


b 


2.794 


12.66 


3 


3.222 ± 0.042 


8 A 507 


2.784 


12.72 


5 


3.251 ± 0.038 


7C93 


2.782 


12.73 


7 


3.262 ±0.006 


8A2eO 


2.793 


12.82 


6 


3.251 ± 0.024 


8 A 261 


2.793 


i2.a5 


6 


3.234 ± 0.016 


8A 554 


2.790 


13.06 


5 


3.210 ± 0.017 


8A666 


2.790 


19.04 


5 


3.196 ±0.018 


8A620 


2.790 


19.19 


5 


3.145 ±0.014 


8A 580 


2.790 


19.20 


5 


3.207 ± 0.008 


8A344 


2.782 


23.98 


8 


3.1M7 ± 0.0.32 


8A581 


2.790 


25.58 


5 


3.085 ± 0.014 


8A682 


2.790 


38.33 


5 


2.961 ± 0.020 


8A684 


2.784 


50.80 


5 


2.889 ± 0.0.34 


8A583 


2.790 


50.95 


6 


2.831 ± 0.037 



■Hobton Defense Corp., Kingsport, T toinw ee. 

''Data for this entr>- were determined oa §ome or all of the following shots: 8Ap 
225. -229, -273, -285, and -326; e«ch was fired using several plate thicknesses. 
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Analysis 

Linear least squares fitting gives Ur» - 3.389 km/s - 0.01079 1 (mm). At t » 0, 
plate U, =« 7.611 km/s and P„ = 35.63 GPa. 

Acoustic approximation with D = S.030 i<m/s, pox = 1.713 g/cm^, and pom ~ 2.791 
g/cm' gives corresponding explosive parameters of = 29.35 GPa, UpK = 2.134 
km/s, and y = 2.763. 

Table 3.28 COMPOSITION B ON DURAL 
Charge Length/Diameter = 1 

Eiq^losive 

RDX/TNT: 65.5 ± 1.5 wt% RDX. Holston Grade A Composition B. 1.713 ± 0.007 
g/cm^. Two 76-mm-thick, 152-mm-diam cylinders to make a 152-mm- length. P-080 
booster, i) = 3.127 p. + 2.673 at 65 wt% RDX and increases 0.0134 km/s per 1 wt% 
RDX increase. 

Plat«8 

Dural. 





Plate 


Plate 


Free-Surrace 


Shot 


Density 


Thicknesi 


Velocity 


No. 


(8/em>) 


(mm) 


(km/s)* 


vr 180 


2.774 


6.38 


;^.;is9 ± 0.027 


8A 1314 


2.782 


12.73 


3.2r)9 ± 0.008 


8A1313 


2.774 


19.07 


3.189 ± 0.023 


aA1334 


2.782 


26.74 


3.068 ±0;016 


SA 1.319 


2.774 


38.11 


2.933 i 0.014 


8A 1315 


2.805 


50.86 


2.800 ± 0.034 



'Mean and atandaid deviation of lavon dataimuialiona on «ach 

■hot. 

Analysis 

Linear least squares fitting gives Uf» = '1.-V2] km/-. - 0.01259 1 (mm). This inter- 
cept is only 0.9% higher than that of the data in Table 3.27 for somewhat larger 
charges. The slope is steeper. The intercept is 1.6% higher than th.-^f iti Table 3.29 
for charges of the same diameter but ten charge diameters long. The slope is again 
steeper than found from the data in Table 3.27. 
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TUibS^ COMPOSITION B ON DURAL 
Oiurge Lengtli/Dlamcter s 10 

Explosive 

RDX/TNT: 65.5 ± 1.5 wt% RDX. Holston Grade A Composition B. 1.713 ± 0.007 
g/cm'. Twenty 76-mm-thick, 152-mm-diam cylinders to make a 1524-mm length. 
P-080 booster, D = 3.127 po + 2.673 at 65 wt% RDX and increases 0.0134 km/s per 1 
wt% RDX increase. 

Plates 

Dural. 





Plate 


Plate 


Free-Surfaoe 


Shot 


Density 


Thickness 


Velocity 


No. 


(g/cm*) 


(nun) 


(km/s)* 


7C 176 


2.774 


6.35 


3.312 ± 0.U14 


7C174 


2.782 


12.73 


3.216 ±0.010 


7C172 


2.774 


19.10 


3.189 ±0.024 


7C 173 


2.784 


25.39 


3.065 i 0.013 


7C 175 


2.774 


38.13 


2.994 ± 0.017 


7C 177 


2.806 


50.85 


2.823 ± 0.030 



*M Mn and standard deviatioo of seven detenninationi on each 
shot. 



Analysis 

Linear least squares fitting gives Ur, = 3.368 km/s - 0.01054 t (mm). This inter- 
cept is only 0.6% below that for Table 3.27 for somewhat larger diameter but shorter 
charges. The slope for these long charges is more like that of Table 3.27 than the 
steeper data of Table 3.28. 
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Table 3.30 COMPOSITION B ON BRASS 

Explosive 

RDXAFNT: 64.2 ± 0.4 wt% RDX. 1.714 ± U.002 g/cm\ Two 102- by 254- by 254- 
mm pieces to make a 203-mm length. P-080 booster, D - 3.127 p« + 2.673 at 65 wt% 
RDX and increases 0.0134 km/s per 1 wt% RDX increase. 

Plates 

Brass. 





Plate 


Plate 


Free-Surface 


Sbot 


Deosily 


Thickness 


Velocity 


No. 


(g/cm*) 


(mm) 






8.4U2 


1.97 


2.124 ± 0.004 




6.402 


3.76 


2.068:^0.006 




8.402 


5.76 


2.073 ± 0.027 




8.402 


7.68 


2.037 ± 0.019 




8.402 


9.58 


2.0:i:? ± 0.{)2!y 




8.402 


11.49 


2.008 ± 0.015 




8.402 


13.41 


1.991 ± 0.014 




8.402 


15.32 


1.969 ±0.012 


8 A TOO 


8.386 


25.43 


1.872 ± 0.010 


8A 769 


8.386 


38.22 


1.7H1 ± O.OOH 


8A699 


8.386 


48.38 


1.717 ± 0.015 


8A766 


8.386 


48.93 


1.711 ± 0.017 



•Data for this entry were determined on some or all of the following 
shots: 7C-3, 8A-373, and 8A-374; each was fired using several plate 
thicknesfies. 

"Mean and standard deviation of five determinations on last four 
entries, three on the first six and the eighth, and two on the 
seventh. 

Analysis 

Linear least squares fitting gives Ur. - 2.107 km/s — 0.00830 1 (mm). At t » 0» 
plate Us - 5.173 km/s and Pm * 45.36 GPa. Acoustic approximation with D « 8.002 
km/s. Pox ~ l.ll'i g/cm\ and i>o,u = 8.395 g/cm' gives corresponding explosive 
parameters of P. = 28.54 GPa. Up. = 2.081 km/s, and y = 2.845. 
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Table 3.31 CITGLOTOL ON DURAL 

Explosive 

RDX/TNT: 77 ± 1 .2 wt% RDX. 1.742 ± 0.002 g/cm«. Two 102- by 254-mm pieces 
to make a 203-mm thickness. P-080 booster. D « 3.193 po + 2.702 at 78.1 wt% RDX 
and increases 0.0134 km/s per 1 wt% RDX increase. 



Plates 
Dural 





riave 






r rec'Riiiriacc 






iiiitsinww 


IT 


VCIOCIl> 




Vg/ClW 1 


/mama ■ 

\II1IIII 


nAf« 


\KIII/S/ 


■ 


2.793 


1.23 


2 


3.746 ± 0.0.56 


• 


2.793 


1.90 


3 


3.645 ± 0.012 




2.793 


2.53 


4 


3.628 ± 0.023 




2.79.3 


3.13 


5 


3.494 ± 0.0.')2 




2.793 


3.80 


4 


3.494 ± 0,02,3 




2.793 


4.70 


2 


3.500 ± 0.026 




2.793 


5.07 


3 


3.462 ± 0.012 




2.793 


6..32 


6 


3.445 i 0.021 




2.793 


7.61 


3 


3.4.37 ± 0.014 




2.793 


7.95 


2 


3.471 ± 0.001 




2.793 


8.88 


4 


3.431 ± 0.042 




2.793 


9.57 


2 


3.42." + 0.021 




2.793 


10.1.5 


3 


3.4 k; ± 0.026 




2.793 


10.88 


1 


:{.434 




2.793 


11.06 


1 


3.427 




2.793 


11.42 


4 


3.424 ± 0.007 




2.793 


12.01 


1 


3.343 




2.793 


12.,% 


3 


3.378 ± 0.024 


7C146 


2.774 


19.06 


5 


3.287 ± 0.022 


8A .'154 


2.788 


24.41 


6 


3.280 i 0.022 


8 A 1252 


2.805 


38.17 


5 


3.142 ± O.fMMi 


8A 1253 


2.799 


50.85 


5 


.3,027 ± 0.024 



'Data for this entry were determined on some or all of the followillg ihots: flA-238, -302, -SOS, •306, 
and -Sid; each waa fired using several plate thicknesses. 
'Mean and standard d«viation of multiple detanninationa. 



Analysis 

Linear least squares fitting gives Ura ~ 3.531 km/s — 0.01029 t (mm). At t ■ 0, 

plate U, = 7.704 km/s and Pm = 37.57 GPa. Acoustic approximation of D = 8.252 
km/s. /)cx = 1 "43 g/cm^ and pom = 2.793 g/cm' gives corresponding explosive 
parameters of P, = 31.34 GPa, Up^ = 2.179 km/s, and y = 2.787. 
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Talile3.32 CYCLOTOL ON DURAL 



Eiq^losive 



RDX/TNT: 7G.7 ± 0.8 wt% RDX. 1.756 ± 0.005 g/cm^ 203-mm-diam pieces from 
12.7 to 101.6-mm thick in various combinations to give 12.7- to 812.8-mm thick- 
nesses. P-080 booster. D = 3.193 po + 2.702 at 78.1 wt% RDX and increases 0.003 
km/s per 1 wt% RDX increase. 

Plates 



Dural, 36.57 ± 0.02 mm thick. 



Shot 
No. 



Plate 
Density 
(g/cm*) 



Plate 
Thidaiess 
(mm) 



Explosive 
(mm) 



Free-Surface 

Velodty 
(km/s)- 



7C 199 
7C200 
7C201 
7C202 

7C203 
7C 204 
7C206 
7C206 

IC 207 
7C 243 
7C218 



2.795 
2.793 
2.786 
2.786 
2.790 
2.786 
2.786 
2.793 
2.793 
2.793 
2.786 



36.59 
36.53 
36.58 
36.58 
36.58 
36.54 
36.57 
36.67 
36.55 
36.58 
36.57 



12.7 
25.4 
38.1 
50.8 

76.2 
101.6 
162.4 
203.2 

406.4 
609.6 
812.8 



1.859 
2.240 
2.540 
2.676 

2.875 

3.006 
3.149 
3.194 

3.289 

3.279 
3.237 



± 0.025 
± 0.019 
± 0.018 
± 0.010 
± 0.018 
± 0.023 
± 0.018 
±0.026 
± 0.028 
± 0.030 
± 0.021 



'Mean and standard deviation of 12 detenninations on the fint aeven entries and on the ninth and 
tenth, 11 determinations on the eighth, and 3 detamiinatioaa on the last. 

Analysis 



As the charge length-to-diameter ratio is increased, the plate free-surface vdocity 

increases continuously and significantly up to an asymptote of 3.29 km/s at about 

two charge diameters. A small, though possibly significant, decrease is then seen 
out to four charge diameters. The velocity at one charge diameter is about 3% less 
than that at two charge diameters. 
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Table 3.33 CYCLOTOL ON PLEXIGLAS 

Explosive 

RDXyTNT: 74.99 ± 0.01 wt% RDX. 1.200 ± 0.001 g/em\ Four 152 ± 0.13-mm- 
long, 141-mm-diam pieces to make a 610-mm-loiig chaige pressed from ball-milled 
powder of which 86% passed a 44-Mm screen and 12% passed a 9S-nm screen. Con- 
tained in 5-mm-wall brass tubes. P-080 and 13-mm-thickComp. B booster. D at i]i<- 
finite diameter and 78 wt% RDX is 6.535 kmjs. 

Plates 

Plexiglas (polymethylmethacrylate), nominal 1.18 g/cm*. 





Plate 


Plate 


Free-Surface 


Shot 


Density 


Thickness 


Velocity 


No. 


(g/cm') 


(mm) 


(km/s)" 


7C 239 


1.179 


6.26 


:?.6i;? ± 0.029 


7C 240 


1.179 


12.01 


;?.451 ± 0.021 


7C 242 


1.179 


19.04 


3.342 ± 0.024 


7C241 


1.179 


24.61 


3.322 ± 0.032 


7C238 


1.182 


38.06 


3.305:1:0.023 


7C237 


1.182 


48.61 


3.173 ±0.035 



'Mmuh and standard deviation of seven determinations on each 
abot. 

Analysis 

Lmear least squares fitting gives Ur» - 3.581 km/s - 0.00856 1 (mm). At t » 0, 
plate U. = 6.220 km/s and P„ = 10.92 GPa. Acoustic approximation with D » 6.490 
km/s, pm = 1.200 g/cm^ and pom = 1-180 g/cm^ gives corresponding explosive 
parameten of P. - 12.36 GPa, Up, = 1.587 km/s, and 7 - 3.089. 
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Table 3.34 OCTOL ON DURAL 

Explosive 

HMX/TNT: 76.3 ± 0.8 wt% HMX. 1.809 ± 0.007 g/cm\ 155-mm-thick conical 
frustum of 279-mm small diameter and .M24-mm large diameter with large end 
toward plate. P-080 and 32-mm-thick Plexiglas booster. D = 8.478 km/s at p„ = 
1.814 g/cm^ and 77 wt% HMX. D increases ~0.8031 km/s per 0.001-g/cm' density 
ina:ea8e and "^0.013 km/s per 1 wt% HMX increase. 

Plates 

Durai. 





Plate 


Plate 


Free-Surface 


Shot 


Density 


Thickness 


Velocity 


No. 


(g/cm») 


(mm) 


(km/s)' 


8A 1322 


2.774 


2.54 


3.674 ± 0.035 


7C151 


2.782 


6.31 


3.644 ± 0.064 


8 A i:m 


2.774 


6.37 


3.698 ± 0.039 


TC 117 


2.784 


12.88 


3.476 ± 0.048 


8A1177 


2.790 


19.15 


3.438 ± 0.025 


8A1178 


2.782 


25.51 


3.348 ± 0.021 


8A1189 


2.786 


38.13 


3.232 ± 0.008 


8A 1180 


2.783 


50.88 


3.113 ± 0.012 


7C 166 


2.783 


76.76 


2.859 ± 0.010 



'Mean and ftandard deviation of wvan detennimitiani on the fint 

three shots listed, five determinatioiia on the next five, and thiee 
determinations on the last. 

Analysis 

Linear least squares fitting gives Ufa = 3.695 km/s - 0.01160 t (mm). At t =^ 0, 
plate Us = 7.811 km/s, and Pm = 39.72 GPa. Acoustic approximation with D = 
8.452 km/s, pox = 1.809 g/cm', and pom = 2.781 g/cm' gives corresponding explosive 
parameters of P. = 33.84 GPa, Up. = 2.213 km/s, and y = 2.819. 
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Table 3.35 PBX 9206 (HMX/KEL-F) ON DURAL 

Explosive 

HMX/Kel-F 3700: 92/8. 1.837 ± 0.001 g/cm'. Two 76-mm-thick. 156-mm-diam 
pieces to make a 152-inm thickness. P-080 booster. D = 8.725 km/s at 41-mm diam 
and po = 1852 g/cm^ 

Plates 
Dural. 





Plate 


Plate 


Free-Surface 


Shot 


Density 


Thickness 


Velocity 


No. 


(g/cm') 


(mm) 


(km/s)" 


7C225 


2.788 


6.34 


.■?.(ir)8in.ni8 


7C210 


2.774 


12.81 


3.560 ± 0.032 


7C 211 


2.774 


19.14 


3.487 ± 0.022 


7C212 


2.774 


25.10 


3.511 ± 0.014 


7C254 


2.782 


25.74 


3.445 ± 0.017 


7C214 


2.782 


38.13 


3.:?()7 ± 0.008 


7C 216 


2.782 


50.79 


3.195 ± 0.027 



■Mean and atandard deviation of aeven daterminationa on each 
shot. 

Analysis 

Linear least squares fitting gives Uf» = 3.710 km/s - 0.01016 1 (mm). At t ^ o, 
plate U. »7.821 km/s and = 39.d3 GPa. Acoustic approximation with D - 8.685 

km/s, Po, = 1.837 g/cm^ and pom = 2.779 fi/cm* gives comsponding explosive 
parameters of P. = 34.62 GPa, Up» = 2.170 km/s, and 7 = 3.002. 
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Table 3.36 PBX 9207 (HMX/EXON/CEF) ON DURAL 

Explosive 

HMX/Exon 461/CEF: 92/6/2. 1.837 ± 0.002 g/cm*. Two 76-mm-thick, 156-mm- 
diam pieces to make a 152>mm thickness. P-080 booster. D * 8.677 km/s at 41-mm 
diam and pp - 1.843 g/cm*. 

Plates 

Dural. 





Plate 


Plate 


Free-Surface 


Shot 


Density 


Thickness 


Velocity 


No. 


(K/dn*) 


(nmiy 


(km/s)* 


8A1449 


2.784 


5.13 


3.599 ± 0.025 


7C2:U 


2.788 


6.17 


3.728 ± 0.030 


7C 226 


2.782 


12.71 


3.553 ± 0.013 


7C 227 


2.782 


19.08 


3.499 ± 0.016 


7C228 


2.789 


24.20 


3.439 ±0.025 


7C 229 


2.788 


38.12 


3.334 ± 0.027 


7C244 


2.789 


50.83 


3.215 ± 0.013 



*Mean and standard deviation of §ev«n determinations on six shots 
and six d»t«nninatioiu on tha third on* liatad. 

Analysis 

Linear least .squares fitting gives Uf^ = 3.692 km/s — 0.00954 t (mm). At t = 0, 
plate U, = 7.809 km/s and Pn, = 39.68 GPa. Acoustic approximation with D = 8.665 
km/s, Pox = 1.837 g/cm^ and pom = 2.786 g/cm^ gives corresponding parameters of P» 
« 34.35 GPa, Up^ = 2.158 km/s, and 7 = 3.016. 
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Table a.37 PBX 9401 (HDX/PS) ON DURAL 

EaqploBive 

RDX/PS/TOF: 94.2/3.6/2.2. 1.713 ± 0.002 g/cm^ A 203.mm-thick conical 
frustum of 229-mm small diameter and :V24-mm large diameter with its small end 
toward the plate. P-080 booster. D = 8.426 km/s at po = 1.711 g/cm*. 

Plates 

Dural. 





Plate 


Plate 


Free-Surface 


Shot 


Density 


Thickness 


Velocity 


No. 


(g/em*) 


(mm) 


(km/s)' 


RA 1191 


2.784 


6.28 


a.229 ± 0.019 


7C 92 


2.771 


12.77 


3.171 ± 0.050 


7C91 


2.790 


19.13 


3.183 ± 0.010 


7C94 


2.782 


25.49 


3.156 ± 0.019 


7C 95 


2.786 


38.15 


3.()9."i i 0.012 


7C96 


2.783 


50.88 


2.990 ± 0.021 



■Mean and standard deviation of five detenninations on each shot. 

Analysis 

Linear least squares fitting gives Ur. » 3.263 km/s - 0.00492 t (mm). At t » 0, 

plate U, - 7.529 km/s and P,„ = 33.89 GPa. Acoustic approximation with D = 8.432 
km/s. Pox = l.ll'S g/cm\ and pom = 2.783 g/cm^ gives corresponding explosive 
parameters of P, = 28.63 GPa. Up, = 1.982 km/s, and y = 3.254. 
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1^ble3.38 PBX d402 (HMX/NG/CBF) ON DURAL 

Explosive 

HMX/NC/CEF: 1.8,?1 ± 0.011 ^/cm\ Three 64-mm-thu k conical Irustaof 

279-mm small diameter and 324-mm large diameter with small ends toward plate. 
P-080 booster. D - 8J32 km/s - 0.037/diam (cm), at po = 1.822 g/cm' and increases 
approximately 0.003 km/s per 0.001-g/cm' increase. 

Plates 

Dural. 





Plate 


Plate 


Free-Surface 


Shot 


Density 


Thickness 


Velocity 


No. 


(g/cm") 


(mm) 


(km/s)' 


7C 124 


2.782 


6.36 


3.717 ±0.013 


7C76 


2.771 


12.75 


3.653 ± 0.021 


7C79 


2.790 


19.10 


:?.G20 ± 0.009 


7C 149 


2.805 


25.45 


;{..'):54 ± 0.022 


7C 76 


2.782 


26.21 


3.503 ± 0.U42 


7C90 


2.786 


38.20 


3.475 db 0.038 


7C86 


2.783 


51.37 


3.308 ± 0.005 



"Mean and standard deviation of fivp determlnationi OH llz shoCS 
and three determinations on the second one listed. 

Analysis 

Linear least squares titting gives Ufs = ^.767 km s - 0.00870 timm). At t = 0. 
plate Ug = 7.858 km/s and = 40.73 GPa. Acoustic approximation with D = 8.773 
km/s. Pox = 1.836 g/cm*, and pom " 2.786 g/cm' gives corresponding explosive 
parameters of Px = 35.35 GPa, Up. = 2.195 km/s. and y 2.997. 
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l^ble 3.39 PBX 9404 (HMX/NG/CEF) ON DURAL 

Explosive 

HMX/NC/CEF: 94/3/3. 1.827 ± O.UOl g/cm\ Two 76-mm-thick, i56-mm-diam 
pieces to make a 152-mm thickneas. P-060 booster. D » 8.732 km/s - 0.037/diam 
(cm) at Pa = 1.822 g/cm' and increases approximately 0.003 km/s per 0.001 -g/cm* 
increase. 

Plates 

Dural. 





Plate 


Plate 


Free-Surface 


Shot 


Density 


Thickness 


Velocity 


No. 


(g/cm») 


(mm) 


(km/s)» 


7C235 


2.788 


6.37 


3.757 ± 0.024 


7C 246 


2.782 


12.74 


3.()()1 ± 0.019 


7C 247 


2.789 


19.13 


3.r)lM; i 0.029 


7C 232 


2.782 


25.35 


3.547 ± 0.025 


7C233 


2.788 


38.12 


3.426 ± 0.003 


7C234 


2.789 


50.85 


3.260 ± 0.022 



'Mean and standard deviation of seven determinations on each 

shot. 

Analysis 

Linear least squares fitting gives Uf, « 3.812 km/s - 0.01065 t (mm). At t = 0, 
plate U, " 7.88 km/s and Pm » 41.36 GPa. Acoustic approximation with D > 8.745 
km/s, Pm - 1-827 g/cm', and p,„„ = 2.786 g/cm' gives corresponding explosive 
parameters of P. = 35.72 GPa, Up. = 2.235 km/s, and y = 2.912. 
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Table 3.40 PBX-9405 (UDX/NC/CEF) ON DUHAL 

Explosive 

RDX/NC/CEF: 93.7/3.15/3.15. 1.757 ± 0.001 g/cm^ A 203-mm-thick conical 
frustum of 229-rnm small diameter and 326-mm large diameter with its small end 
toward the plate. P-U8U booster, D = 8.489 - 0.157/diam (cm) atpo = 1.755 g/cm^ 

Platet 

Dural. 





Plate 


Plate 


Free-Surface 


Shot 


Density 


TUdmeaa 


Velocity 


No. 


<g/cm*) 


(mm) 


(km/s)" 


8A1325 


2.774 


2.54 


■Afy-VA ± 0.076 


7r 152 


2.782 


6.35 


li.mu ± o.o(;b 


8A 1230 


2.782 


12.76 


3.594 ± 0.013 


8A1231 


2.774 


19.03 


3.517 ± 0.004 


8A 1236 


2.805 


25.41 


3.385 ± 0.032 


7C 148 


2.805 


25.53 


3.378 ± 0.015 


8A 1237 


2.805 


38.16 


3.283 ± 0.019 


8A1238 


2.799 


60.88 


3.129^0.013 



■Mean and standard deviation of seven determinations on theGnt 
two shots listed and five determinations on the other six. 



Analysis 

Linear least squares fitting gives Ufg = 3.718 km/s - 0.01173 t (mm). At t = 0, 
plate U. = 7.826 km/s and Pm - 40.04 GPa. Acoustic approximation with D - 8.494 
km/s, poi = 1-757 g/cm' and />om = 2.791 g/cm' gives corresponding explosive 
parameters of P, = 33.70 GPa, Up. = 2.258 km/s, and y - 2.762. 
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Table 3.41 RDX PRESSED ON DURAL 



Eq^losive 



100% RDX pressed without binder. 1.768 ± 0.01-1 g, c in\ Two 7(i-mm-thick, 152- 
mm-diam pieces to make 152-mm thickness. P-080 booster. D = 3.466 po + 2.515. 



Plates 



Dural. 



Plate Plate Free-Surface 

Shot Density Thickness Velocity 
No. (K/cm*) (mm) {km/sy 



■ 


2.790 


2.56 


3.589 ± U.U19 


* 


2.790 


5.11 


3.484 ± 0.010 


7C 153 


2.782 


6.31 


3.695 db 0.033 


■ 


2.790 


7.63 


3.470 i 0.012 


• 


2.790 


10.17 


3.471 ± 0.U15 


b 


2.790 


12.61 


3.468 ± 0.019 


7C84 


2.782 


12.89 


3.476 ±0.011 


7r 1J4 


2.774 


19.09 


3.434 ± 0.045 


«A350 


2.790 


25.37 


3.286 ± 0.021 


"^0146 


2.805 


38.13 


3.212 ± 0.049 


7C86 


2.782 


50.80 


3.027 ±6.079 



'Data for this entiy were determined on some or all of the following 
shots: 8A*326, •331, -332, and -333; eadi was find using ssvwal 

plate thicknesses. 

"Shots 8A-331, -332. and -333. 

*Mean and standard deviation of seven determinatitms on the third 
•ntiy, five each OO the last five, four each on the four eingle- asterisk 
entries marited a« and thies determinations on tlie cntiy marked by 
b. 

Analysis 



The data at 6.31 mm seem anomalous, but no good reason for discard was found. 

Linear least squares fitting of all the data gives U,, = 3.633 km/s — 0.01184 t (mm). 
At t = 0, plate Us - 7.770 km/.s and P.^, = 38.88 (IPa. Acoustic approximation with 
D = 8.642 Pox = 1.768 g/cm^ and pom ~ 2.787 g/cm^ gives corresponding explosive 
parameters of P, = 33.16 GPa, Up, = 2.169 km/s, and y = 2.984. 
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Table 3.42 RDX AND DNPA ON DURAL 

E3q»lo0ive 

RDX/DNPA: 90/10. 1.745 ± 0.001 g/cm».Two76-mm-thick, ISO-mra-diam pieces 
to make 152-mm thickness. P-080 booster. D = 3.233 p. + 2.785. 

Plates 

Dural. 





Plate 


Plate 


Free-Surface 


Shot 


Density 


Thickness 


Velocity 


No. 


(g/cm') 


(mm) 


(km/s)" 




2.790 


2.49 


3.578 ± 0.016 


• 


2.790 


5.04 


3.491 ±0.024 


■ 


2.790 


6M 


3.4Wi 


It 


2.790 


7.58 


3.426 ± 0.009 


■ 


2.790 


10.12 


3.421 ±0.009 


• 


2.790 


12.62 


3 412 ±0.021 


8A 365 


2.793 


12.71 


3.376 


8A352 


2.790 


25.35 


3.274 ± U.U 15 


7C160 


2.806 


37.97 


3.067 ± 0.056 


7C147 


2.799 


50.87 


2.966 ± 0.0R3 



'Data for this entry were determined on some or all of the following 
ihoto: 8A-S16. -334, -335, and -345; each was fired unng several 
plate thicknesses. 

"Mean and standsid deviation of five determinations on the last 
thiee Mitries, liMir on tiie eeeond through sixth, three on the first, 
and one on the third and seventh. 

Analysis 

Linear least squares fitting gives Ur» = 3.552 km/s - 0.01171 1 (mm). At t = 0, 
plate Ug = 7.719 km/s and Pn, = 37.86 GPa. Acoustic approximation with D = 8.427 
km/s. Pox = 1.745 g/cm\ and pom = 2.793 g/cm' gives corresponding explosive 
parameters of P, = 31.66 GPa, Up, = 2.153 km/s, and 7 = 2.915. 
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Table 3.43 RDX AND KEL-F ON DURAL 



Bxplodve 



RDX/Kel-F 150: 85/15. 1.809 ± 0.004 g/cm*. Two 76-mm-thick, 150-mm-diam 
pieces to make a 152-mm thickness. P-080 booster. D = 8.280 km/s at po - 1.807 
g/cm'. 

Plates 

Dural. 



Shot 
No. 



Plate 
Density 
(g/cni*) 



Plato 
Thickness 
(mm) 



Free-Surface 
Velocity 



8A 404 
8A403 



2.790 

2.790 
2.790 
2.790 
2.790 
2.790 
2.790 
2.790 



5.08 
6.36 

7.62 
8.89 
10.16 

12.70 
i;}.16 
25.40 



3.683 

3.639 
3.(516 
3.623 
3.667 
3.517 
3.50.5 
3.388 



±o.m 

± 0.017 
± 0.0.32 
± 0.008 
± 0.018 
± 0.0.35 
± 0,026 
±0.014 



*Data for this entry were determined on some or all of the following 
shots: ''8A-347, -348, -349. -384, -387, -411, and-412;eacb was fixed 
fired using multiple plate thicknesses. 

*Mean and standard deviation of seven deteminatioiis each on the 
second and sixth entry, six each on the third and fifth, five each on 
the first and seventh, four on the iaat, and two on the fourth. 



Analysis 



Linear least squares fitting gives Urg = 3.725 km/s - 0. 01449 t (mm). At t = 0, 
plate U, = 7.831 km/s and = 40.21 GPa. Acoustic approximation with D = 8.287 
km/s, Aox ~ 1-809 g/cm', and pom » 2.790 g/cm' gives correspondix]^ explosive 
parameters of P. - 33.71 GPa, Up. - 2.248 km/s, and y - 2.686. 
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Tbi»l0 9.44 TNT PRESSED ON DURAL 

Explosive 

Granvilar 100-^m particle-size TNT pressed to a fiensity ol' 1.635 ± O.OOB ^/cm^. 
Conical 2()3-mni-thick frusta of 213-mm minimum and 235-nim maximum 
diameter. Small end toward plate. D = 2.799 po + 2.360. 

Plates 

Dural. 





Plate 


Plate 


No. 


Free-Surface 


Shot 


Density 


Thickness 


Ur. 


Velocity 


No. 


(K/cm*) 


(mm) 


DetB 


(km/s)'> 




2.793 


1.79 


3 


2.470 ± 0.025 




2.793 


2.43 


3 


2.452 ± 0.015 




2.793 


3.06 


3 


2.417 ± 0.004 




2.793 


3.70 


3 


2.409 ± 0.010 




2.791 


4.79 


6 


2.397 ± 0.026 




2.793 


3.05 


1 


2.362 




2.791 


6.25 


7 


2.346 db 0.011 




2.793 


7.51 


3 


2.336 ± 0.027 




2.790 


8.04 


4 


2.36;} ± 0.019 




2.793 


8.78 


3 


2.325 ± 0.020 




2.790 


9.63 


4 


2.312 ± 0.016 




2.793 


10.05 


3 


2.322 ± 0.026 




2.790 


11.08 


2 


2.340 ± 0.025 




2.792 


11.29 


5 


2.323 ± 0.010 




2.793 


11.98 


2 


2.309 ± 0.001 




2.793 


12.52 


2 


2.322 ± 0.004 




2.788 


24.87 


6 


2.288 i 0.012 


8A 849 


2.784 


38.1 


4 


2.193 ± 0.005 


SASiiO 


2.784 


50.8 


3 


2.144 ±o.oo;i 


8A703 


2.784 


60.92 


5 


2.165 ± 0.021 



'Data for this entry were determined on some or all of the following shots: 
8A-251, -265, -311, -312, and -Sia; each was filed uaing multiple plate tiiielDMHM. 



Analysis 

Linear least squares fitting to the data on 6-mm plate thickness gives Uf. = 2.510 
km/s - 0.02535 t (mm). At t = 0, plate Uh = 7.033 km/s and P,„ = 24.49 GPa. 
Acoustic approximation with D = 6.948 km/s. = 1.639 g/cm\ and Pom = 2.792 
g/cm' gives corresponding explosive pressure of Px = 19.35 GPa. Linear least 
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squares fitting to the data above 6-mm plate thickness gives Ur. 2.373 km/s — 
0.00425 t (mm). The intersection of these two lines at G.5-mni plate thickness 
corresponds to a plate Ur^ = 2.145 km/s, = 6.924 km/s, and P„, = 22.52 GPa. 
Acoustic approximation with D - 6.942 km/s. p,,^ = 1.(387 ^/cm'. and Pom = 2.789 
g/cm' gives corresponding explosive parameters of P, = 17.89 GPa, Up, = 1.572 
km/s, and y = 3.415. 



Table 3.45 TNT AND DNT ON BRASS 

Explosive 

TNT/DNT: 60.8/39.2. 1.579 ± 0.002 g/cm\ Six 102-mm-high, 150-mm-diam 
cylinders. P-080 and 13-mm-thick Composition B booster. D » 3.235 po + 1.647. 

Plates 

Brass. 





Plate 


Plate 


Free-Surface 


Shot 


Density 


Thickness 


Velocity 


No. 


(g/cm*) 


(mm) 


(km/s)" 


8A 1323 


8.426 


2.54 


1.441 ±0.()06 


8A l .'?Ofi 


8.426 


6.29 


l.:?9l i M.I 107 


8A1179 


8.426 


12.82 


l.:ji;{ ± IJ.UU6 


8AI304 


8.426 


19.04 


1.29.'J± 0.007 


8A 1186 


8.426 


25.49 


1.266 ^0.006 


«A i:U):i 


8.426 


.mi 9 


I .'_'n-_> 4- 0.00" 


7C 109 


8.426 


51.64 


i.iWo ± o.ouy 



"Mean and standard deviation of aeven determinatioaa on each 
shot. 

Analysis 

Linear least squares fitting ijives Urs = 1.433 km/s - 0.00666 t (mm). Ai t = 0, 
plate Ug = 4.649 km/s and P„, = 27.94 GPa. Acoustic approximation with 1) = 6.755 
km/s, Pox = 1.579 g/cm^ and pon> = 8.42b g/cm^ i^ives corresponding explosive 
parameters of P, - 17.77 GPa, Up, = 1.666 km/s, and 7 = 3.055. 
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3.4 Plate Dent Test. The plate dent test was developed during World War II at 
the Explosives Research Laboratory at Bruceton, Pennsylvania.^ It was designed to 
provide a relative estimate of explosive power. The test involves detonating an un- 
confined cylindrical charge of high explosive in contact with a heavy steel plate and 
measuring the depth of the dent produced in the plate. The explosive charges are of 
a diameter and length that ensure establishment of a steady-state detonation wave 
of almost infinite-diameter velocity in most wplosives. The steel witness plates are 
massive and strong enough to limit the damage to the area of interest. 

The explosive to be tested is prepared in the form of 1 6/B-in.-diam cylinders of 
varying lengths (see Table 3.46). The test plates are 6-in.-square by 2-in. -thick 
pieces of 1018 cold-rolled steel, cut from 2- by 6-in. bar stock having a Rockwell 
hardness of B-74 to B-76. 

To eliminate spalling from the rear surface, several test plates are stacked ver- 
tically, and the upper surface of the top plate is greased lightly to ensure good 
coupling with the charge. The lest charge is centered on the plate, a booster of ade- 
quate size is placed on the charge, and the detonator is put in place. If necessary, a 
piece of tape may be used to hold the assembly together and maintain good contact 
among its various components. The assembly ready for firing is shown in Fig. Z.OZ, 




tf-l ♦Oft' ■va»M..«lm 
■oonaRrakiJiT 





COLO-HOILEO STEEL PLATES 



Fig* 3.02. Plate dent test assembly. 
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Table 3.47 LEAD-LOADED EXPLOSIVE WAFER TEST 

A series of plate dent tests were peiformed in which a wafer of a lead-loaded ex- 
plosive was placed between the donor explosive and the witness plate. The test 
results are given below. 

Donor Explosive: 90 HMX/10 Exon 

Donor Explosive Diameter: 41.3 mm 

Donor Length: 203 mm 



Wafer 

Explosive 
Material 



Density 
(g/cm*) 



Wafer 

Thickness 
(mm) 



Dent 
Depth 
(mm) 



4.84 
4.841 
4.841 
4.841 



•22.2 HMX/36 Exon/74.2 Pb. 



9.52 
12.70 
15.87 
19.05 



11.99 
12.64 
12.32 
12.32 



Donor Explosive: 

Donor Explosive Diameter: 

DoncMT Explosive Length: 
Dcmor Explosive Density: 



90RDX/10Exon 
41.3 mm 

203 mm 
1.776 g/cm» 



Wafer 




Wafer 


Dent 


Explosive 


Density 


TMckness 


Depth 


Material 


{g/cm*) 


(mm) 


(mm) 


None 


9.94 








3.668 


9.52 


11.12 




3.655 


12.7 


11.17 




3.664 


19.05 


11.50 




3.653 


25.4 


11.45 




4.62 


3.17 


10.28 




4.62 


6.37 


10.89 




4.61 


9.52 


11.66 




4.61 


12.70 


11.96 




4.61 


15.87 


12.12 




4.60 


19.05 


11.77 




4.60 


26.(M 


11.50 




4.60 


50.80 


10.81 



»34.2 RDXy4.6 Exon/61.2 Pb. 
*23.3 RDX/3.7 Exaa/TSJH Pb. 
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TaUe 3.47 (mmtlnued) 



Wafer 

Explosive 
Material 



Density 
(g/cm*) 



Wafer 

Thickness 
(mm) 



Dent 

Depth 

(mm) 



Remarks 



5.035 
5.004 

5.025 
5.007 
5.526 
5.S37 

5.522 
5.516 
5.537 



6.37 
9.62 

12.70 
203 



6.37 
9.62 
9.62 

15.87 

203 



10.72 
11.18 

11.04 
8,13 
10.86 
11.98 

11.68 
11.73 
9.75 



No donor H£ 



No donor HE 



n6.1RDX/3.0 Eion/190.6 Pb 

.3.5 Detonation Failure Thickness. The vvedpe-shaped explosive sample is con- 
fined on the l)()ttom by a 1-in. -thick brass plate and on the sides by 1/4-in. -thick 
steel bars. The test assembly is shown in Fitj. 3.03. The wedge is usually 1 in. wide 
and, with side confinement, adequately represents a wedge of infinite width. High- 
d«itity solid explorive gamplea ate prepared moat convwdently by gluing a rec- 
tangular explosive prism to the brass plate and then fonning the wedge by milling. 
The wedge thickness is measured at various distances bam the end of the brass, the 
side plates are then glued on, and the charge is ready for Hring. To minimize 
damage to the brass, it is backed by a heavy steel plate when the charge is fired. A 
step in the brass plate indicates the location and thus the thickness of the explosive 

at the point where detonation fails. 

The booster explosive may cause an artificially energetic and rapid detonation, 
called overdrive, in the sample. To correct for overdrive, wedges with apex angles of 
1, 2, 3, 4, and o° are tired, and the resulting failure thicknesses are plotted vs angle. 



OCTONATOft AMD lOOSTER 




•RAK RECOHOING PIKK 



Fig. 3.03. Minimum failure thickness 
test assembly. 
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Table DETONATION FAILURE THICKNESS 

Failure 
Density Thickness 
Ex|do8ive (g/cm*) (mm) 



Pure Ezplosives 



Ammonium picrate 


1.64 


3.29 


TNT 


1.61 


1.91« 




Cflstable Mixtures 




Comp A-3 


1.63 


0.57 


Comp B-3 


1.72 


0.94 


Cyclotol 75/25 


1.75 


1.51 


Octol 75/25 


1.79 


1.43 


Poitolite 


1.70 


1.39^ 




Plastic-Bonded Explosives 




HMX-Based 






PBX 9011 


1.77 


0.61 


PBX9404 


1.63 


0.46 


X-0'2nt 


1.922 


0.41 


RDX- Based 






PBX yuiu 


1.78 


0.52 


PBX 9205 


1.69 


0.67 


PBX 9407 


1.77 


0.30 


•Pressed at 65°C. 






■Cast 50-min wed^e. 







A linear curve is lit ted througii tlie data and extrapolated to 0", and the failure 
thickness at 0° is designated the detonation failure thickness. 

If the brass plate were completely incompressible, the failure thickness so deter- 
mined would be half that of an unconfined infinite sheet. The failure thickness of an 
unconfined sheet is less than the Mure diameter of a cylinder becatise raze£Bicti<mB 
in a cylinder enter from all sides of the charge and influence the detonation. Thus, 
the failure diameter may be several times the failure thickness and may vary firom 
one explosive to another. 

More complete details are given in a LASL report.' 

REFERENCES 

1. W. E. Deal, Journal of Chemical Physics 27(1), 796-800 (September 1957). 

.2. Louis C. Smith. Explosivstoffe 15, 106-110, 1:10-1^4 (19f)7). 

3. Manuel -I. Urizar, Suzanne W. Peterson, and Louis C. Smith, Los Alamos 
Scientific Laboratory report LA-7193-MS (April 1978). 
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4. SHOCK INITIATION PROPERTIES 



ORDER OF WEDGE TEST RESULTS 
Pure Explosives 

HMX 

HMX (single crystal) 
Nitromcthane (NM) 
Nitroguanidine (NQ) 
PETN (pressed) 
PETN (single-crystal) 
TATB (purified) 
TATB (micronized) 
TATB (superfine) 
Tetryl 
TNT (cast) 
TNT (single-crystal) 

CaBtabk Miztum 

Baratol (7(3 barium nitrate, 24 TNT) 
Comp B ((30 RDX, 40 TNT) 
X-0309 (Destex) 

Plaftie-Bonded ExploilvM 

DATE Base 
X-03(X) (95 DATB, 5 Estane) 

HMX Base 

PBX 9501 (96 HMX, 2.5 Estane, 2.6 BDNPFA 
PBX 9404 (94 HMX, 3 NC, 3 chloroethylphosphate) 

PBX 9011 (90 HMX, 10 Estane) 

LX-()4 (85 HMX, 15 Viton) 

X-0219.50-14-10 (50 HMX, 40 TATB, 10 Kel-F 800) 

NQBaae 
X-0241 (96 NQ, 2 wax, 2 Elvaz) 

95 NQ, 5 Estane 

X-0228 (90 NQ, 10 Estane) 
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PETN Base 

XTX-8003 (Extex) (80 PETN, 20 Sylgard) 

RDXBaae 

95 RDX, 2.5 wax, 2.5 Blvax 
PBX 9407 (94 RDX, 6 Exon) 

PBX 9405 (93.7 RDX, 3.15 NC, 3.15 chloroethyiphosphate) 
X-0224 (74 RDX, 20 Al, 5.4 Elvax, 0.6 wax) 
X-0250-40-19 (40.4 RDX, 40.4 cyanuric acid, 19.4 Sylgard) 

TATBBase 
PBX 9502 (95 TATB, 5 Kel-F 800 (X.0290) 
95 TATB, 2.5 Kel-F 800, 2.5 Kel-F 827 
94 TATB (coarse), 6 Estane 
94 TATB (bimodal), 6 Estane 
94 TATB, 3 Elvax, 3 wax 
94 TATB, 4.5 polystyrene, 1.5 dioctylphthakte 
92 TATB, 6 polystyrene, 2 dioctylphthalate 
90 TATB, 10 Estane 
X-0219 (90 TATB, 10 Kel-F 800) 
90 TATB, 5 Elvax, 5 wax 
90 TATB, 5 Kel-F 800, 5 Kel-F 820 

85 TATB, 15 Kel-F 800 

86 TATB, 7.6 Kel-F 800, 7.6 Kel-F 827 

FKM Class VII 
SPIS-44 Class VU 
SPIS-45 Class U 
TP-N1028 Class Vn 
UTP-20930 Class VII 
VOP-7 Class vn 
VRO Class VII 
VRP Class VII 
VTG-5A Class VU 
VTQ-2 Class VII 
VTQ-3 Class VII 
VWC-2 Class vn 
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SOURCE 



TAG UR 
IMAGE fOR 
FHCf^UMACI 
VEIOCITV 



TO 

smeah 

CAMEHA 



Fig. 4.01. Experimental arrange* 
meat for most wedge test shots. 



SURFACE USUALLY COVERED 
WITH ALUMINIZEO MYLAR 



4.1 Wedg»>Te8t Data. Majowicz and Jacobs,' and Campbell, Davis, Ramsay, 
and Travis^ first used the wedge test to study shock initiation of solid explosives. 
The test is named for the wedge-shaped explosive sample that is shocked by a 
booster-and-attenuator system as shown in Fig. 4.01. The explosive is wedge-shaped 
so that the shock or detonation wave moving through it is visible along the slant 
face. The slant face and flat of the sample are covered with a thin aluminized plastic 
and are iUiiminated by an intense light source. A smear camera is aligned so as to 
record the light reflecting from the aluminized plastic. As the shock wave proceeds 
through the explosive, the motion of the explosive mass tilts the reflecting surface 
on the slant face so that the light is no longer reflected into the camera. This sharp 
cutoff of light gives a well-defined record of the shock or detonation location vs time. 
Usually, the shock wave appears to travel through the explosive sample at a slightly 
increasing velodty and Uiki to travel at a signiflcantly higher velocity what detona- 
tion occurs. Hie point of interest is the distance into the sample, x*, or time, t*, at 
which detonation occurs. 

The booster-and-attenuator system is selected to provide about the desired shock 
pressure in the sample wedge. In all but a few of the experiments on which data are 
presented here, the booster-and-attenuator systems consisted of a plane-wave lens, 
a booster explosive, and an inert metal or plastic shock attenuator. In some in- 
stances, the attenuator is composed of several materials. The pressure and particle 
velocity are assumed to be the same on both sides of the attenuator-and-sample in- 
terface. However, because initiation is not a steady state, this boundary condition is 
not precisely correct. The free-surface velocity of the attenuator is measured, and 
the particle velocity is assumed to be about half that. The shock Hugoniot of the at- 
teniuitor is assumed to be known, so the shock pressure and particle velocity in the 
attenuator can be evaluated using the free-surface velocity measurement. Then, the 
pressure (P) and particle velocity (Up) in the explosive sample are found by deter- 
mining graphically the intersection of the attenuator rarefaction locus and the 
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Fig. 4.02. 



explosives-state locus given by the conservation-of-momentum relation for the ex- 
plosive, P = poUpL\, where U„ = shock velocity and pa = initial density. The at- 
tenuator rarefaction locus is approximated by reflecting the attenuator Hugoniot 
line about a line where the attenuator particle velocity is a constant. Because initia- 
tion is not a steady state, the conservation-of-momentum relation does not hold 
precisely; however, near the sample and attenuator interface, the reaction is slight 
enough that the accuracy is sufficient. Values of the initial shock parameters, Po, 
Upo, and U»o, are given in the tables that follow. 

Figure 4.02 shows a typical smear camera wedge record. Characteristically, these 
traces show the initial shock, the point of transition to high-order detonation, and 
the high-order detonation. The space and time dimensions are shown. Although the 
shock and detonation velocities in the explosive can be determined from these 
records, only the coordinates for the high-order detonation, x* and t*, are normally 
found. Historically, many analysis techniques have been used, including those used 
here for data analysis. 



THE TECHNIQUES 

Technique 1. In Technique 1, the early average shock velocity is determined from 
the angle generated on the camera record by the shock-wave progress along the 
wedge surface, the optical magnification, the wedge angle, the viewing angle, and 
the camera writing speed. The distance over which this measurement is made is 
kept as short as is practical. The distance and time of transition to high-order 
detonation are determined from the film measurements, knowledge of the viewing 
angle, etc. In all the techniques described here, it is assumed that the shock wave is 
plane and parallel to the wedge-and-attenuator interface. The initial shock and 
particle velocity vs pressure in the wedge are obtained from a graphical solution in- 
volving the wedge density, early average shock velocity, and pressure in the last at- 
tenuator plate. 

294 



laterial 



SHOCK INITIATION PROPERTIES 



Tecfmique 2. All wedges analyzed using Technique 2 had a flat portion extending 
beyond the end of the normal wedge face. The shock position was detmoiined firom 
ratios of disturbed vs undisturbed positions measured on the film image and wedge 

face. Times were obtained from the known writing speed f)f the camera and from 
film measurements. A film (race is obtained when the .shock arrives at the tree -sur- 
face of the attenuator plate. Another is obtained when the detonation arrives at the 
free surface of the flat part of the sample. This latter trace is especially informative 
about the uniformity of initiation and helps to explain an occasicmal apparent 
overshoot. Phase velocities are measured at various positions on the wedge, 
depending on the specific record, and are analyzed by Technique 1. Elach velocity is 
assigned to a midpoint of 1 he interval over which the measurement is made, and the 
initial velocity is tnund hv e.vtrapolatini: the \elocity vs thickness curve to zero 
thickness. The initial pre.s.sure and particle velocity are found irom a graphical solu- 
tion as in Technique 1. 

Technique 3. In Technique 3, the shock position in the sample, x, is determined 
from 20-40 points using the same method of proportions as in Technique 2 and con- 
sidering (he wedge thickness and the length of (he slant face image. The cor- 
responding limes, t, arc determined tmm the known writing speed of (he camera 
and from film measurements. When this technique was used, various equations 
were tested against the x-t data obtained from the wedge section of the sample. The 
equation x = c(e^^ + 1-1) was chosen to fit the data from the partially reacting run. 
A plot of t vs In (x - ct + c) [): 1 1 1 ed a straight line of slope k if the proper c value 
was selected. Sensitivity of the lit to a chosen c was such that a poor choice was 
usually recognized, and a questionable choice had only a relatively minor effect on 
the tirst derivative evaluated at t = 0. 

f 0 

The c is chosen best from a plot of the data for a shot with a long run to high-order 

detonation. The data used to evaluate c can come from an experiment in which the 
shock was accelerating, and high-order dctonatifin need not be obser\'ed. The value 
of c is treated as a constant lor that particular explosive formulation and density. 
This procedure typically gives a lower initial shock velocity value than does Tech- 
nique 1. 

Technique 4. When Technique 4 is used, the lighting of t he flat face is adjusted to 
show particle paths after a shock front has passed. As in I'echnique H, the smear 
camera record is measured and the measurements are converted to real times, t, and 
distances, x, for the shock traversing the wedge. Average velocities, x/t, are 
calculated for points before high-order detonation and are plotted against t. (Any 
inconsistent data near the beginning and end are rejected.) The data are then fitted 
with X « Urtjt ± 1/2 bt* by the least squares method. The derivative evaluated at t 
= 0 is taken as the initial shock velocity. Thereafter, the analysis is like that in 
Techniques 2 and 3. The single-curve buildup hypothesis is checked by plotting, for 
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each shot, the shock wave trajectory measured back from the transition to high- 
order detonation and superimposing the plots using the transition as a fiducial. 
Detonation velocities are obtained from x-t data measured in the high-order region. 

Techmque 5. hi Technique 5, the driving plate free-surface velocity always is 
measured with electrical pin contactors. Buildup data from all experiments on a 
given density of explosive are pooled on the assumption of a single curve buildup 
and are iiited by the least squares method to the empirical function, 



where D is the distance to detonation, T is the time to detonation at any point on 

the buildup curve, A4 is the detonation velocity, and A„ A2, and A3 are arbitrary 
constants. The shock velocities are evaluated from the derivative of the above func- 
tion, 



using the coefficients fitted to the pooled data and the time to detonatimi, T « t*, 
observed in the individual experiments. This shock velocity value is then used with 

the driving plate free-surface velocity determined as before. 

Technique 6. In Technique 6, a flash gap consisting of grooved Lucite blocks i* 
used to measure the driving plate free-surface velocity. Also, shock velocities are 
determined by reading the average slopes from the streak records. Samples thus 
analyzed had two phase-velocity regions, the normal high-order detonation and an 
intermediate velocity region. The two abrupt changes in phase velocity are read 
from the streak records to give the distance to the intermediate region and the dis- 
tance to detonation. All other analysis is done using Technique 5. 

Technique 7. In Technique 7. the x-t data are digitized into 70 discrete points. A 
linear fit is made to three adjacent x-t points, and the slope is taken as the velocity 
at the midpoint of the line. Then one x-t end point is dropped, a new one is added on 
the other end, a new Imear lit is made, and the velocity is found. This running linear 
least squares process is repeated until all 70 x-t points have been used. The u-x data 
are then extrapolated to zero thickness (x * 0) to find the initial shock velocity, Um. 
All other analysis is done as in Technique 1. 





+ A 



4 
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THE DATA TABLES 

The data tables indicate the driver-and-attenuator systems used for each experi- 
ment. Also given are the LASL shot number; the initial shock pressure, particle 
velocity, and shock velocity; a fitting parameter, 1/2 b, used in the data reduction 
where appropriate; the sample density; the distance to detonation, x*, and time to 
detonation* t*. 

Usually the Um - Upo data aie plotted. Also given are equations for these data fit- 
ted to one of two functional forms, the most common of ^^ch is linear. These equa- 

tions are given with their coefficients and the standard errors of the coefficients. If 
the sound speed has been used as a data point in determining the fit, it also is given. 
For a few explosives, a hyperbolic function is fitted to the data and coefficients 
without standard errors are given. 

For some explosives, a logarithmic function fit to the initiation data, x* or t* vs 
Po, is given. Generally, this is done only for the distance to detonation, x*. Usually, 
if these fits are given, a "Pop" plot also is included. The "Pop" plot functional form 
traditionally has been a power function with x* or t* as dependent variables and Po 
as the independent variable. However, recent work' suggests that the appropriate 
fitting plane should be log-log, because the measurement errors in x* have been 
shown to be lognormal, and the t* and Po errors may also be lognormal. Since x* and 
t* are measured quantities and Po is based on measurements, all are stochastic 
variables, and a statistically valid r^ression analysis cannot be used to estimate a 
functional relationship. Nevertheless, x* and t* physically occur after the imposi- 
tion of Po, and thus it has been argued that they result from (or are dependent on) 
Pq. Since the error in Po data is generally greater than x* and t* error, in finding an 
"average relationship" between them, it is more appropriate to assume that the 
variable with the least error is the independent variable.* For these reasons, the 
Top" plot functions are given in log form, with log Fq being the dependent variable. 
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Table 4.01 WEDGE TEST LENS AND BOOSTER SYSTEMS 

The lens and booster explosive systems used for most of the wedge tests are listed 
below, generally in order of increasing pressure output. All lenses, designated by P- 
XXX, have plane-wave output. The output face diameter is indicated by the designa- 
tion number; for instance, P-040 and P-061 and 4 are 8.1 inches in diameter, respec- 
tively. The booster explosive thickness also is given. 

Booster Thickness 
System Lens (mm) 



A 








P-081 


25 4 Rarafol 


c 


P 1 90 


9<\ A Raratnl 


C-l 


P-061 


60.8Batatol 


D 


P-081 


6.3 Comp B and 25.4 Bsratol 


E 


P-081 


50.8 Baratol 


P 


P-081 


12,7 TNT 


G 


P-081 


25.4 TNT 


H 


P-081 


60.8 TNT 


I 


P-040 


25.4 Comp B 


J 


P-081 


25.4 Ccnip R 


K 


P-081 


38.1 Comp B 


L 


P-081 


50.8 Comp B 


M 


P^ 


25.4 PBX 9404 


N 


P-081 


25.4 PRX 9404 


0 


P-120 


25.4 PBX 9404 


P 


P-081 


30-32 PBX 9404 


Q 


P-OBl 


35.5 PBX 9404 


R 


P-081 


38.1 PBX 9404 


S 


P-081 


50.8 PBX 9404 


T 


P-081 


12.7 Plex*, 16-mesh screen, and 






50.8 PBX 9404 


U 


P-081 


101.6 PBX 9404 



"The lolldwin^; abbrfviations are used in describing wedge-test boosters. Plex — 

Plexiglas: Foam = ().U) g/im' pulyurethane foam; SS = 304 stainless steel; PC = 
Lexan polycarbonate; PMMA = any of several poljrmethylmethaciylates, and PE 

= polyethylene. 
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Table 4.02 HMX 



Composition 

100 wt% HMX 
Theoralieal Maximum Density 

1.905 g/cm' 
Preparatton Method 

Solvent pressing 
Data Summary 

Po = 1.891 g/cm^ To = 25°C. Technique 1 



Shot 
Number 



Initial Sliock Parameters 



Po 

(GPa) 



(nun/tis) 



(mmZ/is)* 



Coordinates for 
High-Order 
Detonation 



(mm) 



t* 



Driving 
System Thickness 
(mm) 



E-2106 


4.41 


0.592 


3.943 


7.74 


— B, 6.61 brass. 24.3 Plex 


E-2108 


4.89 


0.593 


4.359 


6.78 


B, 6;27 brass, 6.35 Plex 


E-2117 


4.93 


0.632 


4.126 


6.68 


E.fi.41l)rass.6.36Plex 


E-2125 


7.54 


0.884 


4.511 


2.89 


B, 36.6 Plex 


E-2116 


8.02 


0.912 


4.651 


2.59 


B, 24.8 Plex 


E-2099 


8.40 


0.902 


4.924 


2.82 


B, 25.3 Plex 


E-2096 


9.35 


0.952 


5.196 


2.31 


B, 6.46 Lucite 


E-2118 


9.55 


1.036 


4.877 


2.37 


— B, 6.30 Plex 



"Measured over the first millimeter of run. 

Reduced Data 

U,o = (2.901 ± 0.407) + Cl.im ± 0.490) 

log P = (1.18 ± 0.02) - (0.59 ± 0.03) log x* lor 4.41 < P < 9.55. 
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T^lile4.06 NITROGUANIDINB (NQ) 



Composition 

100 wt% NQ 
Theoretical Maximum Density 

1.774 g/cm» 
Particle Size Distrllmtioii 

Large grain and Commercial grain 
Preparation Method 

Pressing and machining to shape 
Data Summary 

To = 23°C. Technique 3 or as noted 

Coordinates for 
High-Order 

Initial Shock Parameters Detonation Driving 

Shot ' X* t* System Thickness 

Number (GPa) (mm^s) (mm/^s) (mm) {fit) (mm) 



Large Grain,* p» « 1.659 g/cm* 





14.08 


1.601 


5.300 


16.96 


2.73 


H,23.4Plex 


E-2840 


15.72 


1.683 


5.630 


9.53 


1.51 


H. 6.4 Plex 


E-2864 


20.78 


2.003 


6.251 


3.97 


0.58 


H, 6 Plex 


E-2892 


24.07 


2.184 


6.640 


2.18 


0.30 


N, 6 Plex 








Po = 


1.715 g/cm» 






E-28tj5 


13.36 


1.368 


5.692'' 


> 19.01 


>3.42 




E-2866 


21.80 


1.920 


6.469 


9.42 


1.39 


J, 6 Plex 


E-2867 


24.63 


2.072 


6.932 


1.36 


0.19 


N, 6 Plex 








Pq ■ 


1.723 g/cm» 






B-2868 


21.36 


1.914 


6.473 


16.81 


2.42 


N, 12.2 Plex 


E-2869 


13.32 


1.337 


5.780' 


> 18.97 


>3.40 


r;. K^.iPiex 


E-2882 


21.39 


1.935 


6.416' 


> 18.99 


>3.06 


J, 6 Flex 


E-2886 


21.90 


1.921 


6.618* 


> 19.01 


>3.02 


N, 11.8 Plex 


E-2870 


26.49 


2.215 


6.678 


4.98 


0.72 


N. 6 Plex 


E-2886^ 


26.86 


2.220 


6.767 


7.24 


1.04 


N« 5.9 Plex 




C<nnmeicial«>Gram (needle), a« * 1>688 ^cm'. Technique 2 


E-1890 


10.15 


1.172 


6.131 


>10 




B. 6.3 Plex 


E-1987 








>10 




Ll.OD^ 


E-19S9 


11.71 


1.320 


.'^.2.=^7 


>10 




M. 1 .02 r)-:?8 


E-1H96 


16.4 


1.650 


6.880 


>10 




G, 6..'} Plex 


E-1988 


21.16 


1.982 


6.325 


4.54 




U, 25 Plex 


E-1891 


21.34 


1.962 


6.445 


5.50 




J, 6 Plex 


E-1938 


24.26 


2.128 


6.751 


3.04 




L, 6 Plex 
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Table 4.05 (continued) 



Initial Shock Param^en 



Shot Po 
Number (GPa) 



E-1897 25.85 
E4908 27.28 



{mm/na) {mm/fia) 



2.167 7.067 
2.336 6.918 



Coordinates for 

High-Order 
Detonation 

It* t*~" 
(mm) (/ts) 



2.643 
1.954 



Driving 
System Thickness 
(mm) 



N, 6 Plex 
T,6Plex 



Data from the 10-mm Level' 



Driving 

Shot P Up U. System Thickness 

Number (GPa) {mm/fia) (mmZ/is) (mm) 



E-1880 


10.1 




1.207 


4.952 


B, 6.3 Plex 


E-1987 


16.3 




1.667 


6.800 


1. 1.0D-:^8 


E-1989 


21.7 




2.045 


6.278 


M, 1.02 D-38 


£-1896 


21.2 




1.979 


6.359 


G, 6.3 Plex 


E-1988 




detonated 




8.387 


U, 25 Plex 


E.1891 




detonated 




8.232 


J, 6 Plex 


E-1939 




detonated 




8.268 


L, 6 Plex 


E-1897 




detonated 




8.379 


N. 6 Plex 


E-I9()8 




detonated 




8.384 


T, 6 Plex 



'Distributed about 250 fun. 

*> Almost constant. 

■^Decelerates. 

"Nonunilbrm initiation produced unrealistically large x*. 

•P and Up were deduced from the initial U,. oSm 2.a6-mia-thick 2(K24T-4IHiral plat* placed 
on a flat at the 10-mm level of the NQ wedge. 

Reduced Data 
Large grain, all densities 

Urt = (3.544 ± 0.524) + (1.459 ± 0.276) Up*. 

log? = (1.44 :k 0.07) - (0.15 ± 0.08) log x* for 13.36 < P < 26.28. 

log? « (1.32 ± 0.03) - (0.15 ± 0.07) log t*. 
Commercial grain 

Um " (3.048 ± 0.254) + (1.725 ± 0.135) Up.. 

log P = (1.51 ± 0.02) - (0.26 ± 0.03) log x* for 21.2 < P < 27.1. 
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Oislance to Detonalion (tiini) 




Time to Detonation (/is) 
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F'ETN 




Distance to Oetonalion (mm) 




Tim* to Detonation (jm) 
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TaUe 4.06 (continued) PETN (PRESSED), DRIVEN BY A GAS GUN 

Coordinates tvr 
High-Order 







Initial Shock Parameters 




Detonation 


Vo' 


P„(calc) 


p 


U „ 

^ pO 




X* 

mm 


t* 


nan/ us) 


(GPa) 


(GPa) 


( mm/ iifi\ 


(mmZ/us) 












Po = 1.75 g/cm' 








0.418 


1.66 


1.82 


0.300 


3.47 


>6.4 


— 


0.426 


1.70 


— 


... 




6.24 


-" 


0.439 


1.76 


... 


... 




5.85 




0.452 


1.83 


1.47 


0.352 


2.39 


5.83 


1.85 


0.460 


1.85 


— 


--- 





4.48 


— 


0.508 


2.06 


2.15 


0.363 


3.39 


5.08 


1.55 


0.518 


2.13 








4.28 




0.526 


2.16 








3.29 




0.540 


2.24 


2.13 


0.397 


3.06 


2.97 


0.95 


0.571 


2.38 


2.52 


0.408 


3.53 


3.78 


1.05 


0.602 


2.54 


2.49 


0.435 


3.27 


2.62 


0.84 








p, - 1.4 g/cm^ 








n..ii3 


0.66 


0.42 


0.284 


1.05 


7.26 


5.2 


0.294 


0.57 


0.37 


0.268 


1.00 


7.84 


5.7 


0.317 


0,67 


0.41 


0.290 


1.02 


6.98 


4.9 


0.357 


0.78 


0.58 


0.318 


1.31 


4.06 


2.7 


0.407 


0.99 


0.79 


0.354 


1.60 


2.35 


1.3 


0.305 


0.62 


0.42 


0.278 


1.07 


7.39 


5.4 



•Velocity is that of 7075 aluminum aUqy projectile. 

Reduced Data 

= 2.26 + 2.32 Up. (mna/MS). 

Po = 1.75 g/cm\ 
For 1.7 < P < 2.54, 

log P « (0.57 ± 0.04) -(0.41 ±1 0.06) log x*, and 
log P " (0.33 db 0.02) - (0.22 ± 0.16) log t*, 

Po = 1.4 g/cm'. 

For 0.66 < P < 0.99. 

lop P = (0.14 ± 0.03) - (0.4 ± 0.05) log x% and 

log P = (0.04 ± 0.02) - (0.33 ± 0.04) log t*. 
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TOCTMAKCAMIM 



Fig« 4.03. The gas-gim assembly used in PETN testing. 
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t 
I 





TATB 




(pure^- 1^76) 


0 






0*^ 



Distance to Detonation (mm) 



t 

3 




Time to Detonation (pa) 
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SHOCK INITIATION PROPERTIES 



Tftlil«4.09 TATB (MICRONIZED) 

Composition 

100 wt% TATB 
Tlieoretical Maximum Density 

1.938 g/cm ' 
Particle Size Distribution 

The micronized TATB was prepared by grinding dry aminated superfiiie TATB, 
suspended in water. Screen tests showed 89.2% <10-Mm and 99.1% <20-Mm parti- 
cles. 

Pi^aration Method 

Pellets wort' (iry pressed In a density ot 1.808 g/cm*. Wedges were made by 
abrading the pellets under water. 
Data Summary 

Po - 1.806 g/cm*. Technique 6 



Initial Shock Parameters 



P. 
(GPa) 



U 



po 



(mm/fis) 



(mm/MS) 



Coordinates for 
Intermediate 
Regions 



(nim) 



ti* 



Coordinates for 
High-Order 
Detonation 



X* 

(mm) 



t* 

(MS) 



Driving* 
Sisvlem 



14.27 


1.4 


5.64 


1.34 


0.206 


4.85 


0.770 


TNT" 


18.01 


1.7 


5.86 


0.62 


0.101 


2.15 


0.327 


TNT 


17.79 


1.6 


6.15 


0.65 


0.077 


2.33 


0.331 


TNT 


22.40 


1.9 


6.52 


0.26 


0.039 


1.68 


0.237 


CompB 


23.19 


1.9 


6.75 


0.58 


0.069 


1.79 


0.226 


CompB 


23.02 


1.9 


6.70 


0.16 


0.035 


1.63 


0.222 


Comp B 


25.55 


2.1 


6.73 






0.86 


0.113 


Octol 


27.84 


2.2 


7.00 






0.90 


0.113 


Octol 



■Driving systems constet«d of a plane-wave lens (unially P.061), 60.8 mm of explosive as listed, and 

12.7 mm of 6061 aluminum. 

*This shot had 50.8 mm, rather than 12.7 mm, of 6061 aluminum. 

Reduced Data 

U.0 = 2.156 + 2.302 Upo. 
For 14.3 < P < 27.8, 
log P = 1.42 - 0.38 log X*, and 
log P - 0.92 - 0.36 log t*. 
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Time to Detonation (ms) 
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Table 4.10 TATB (SUPERFINE) 



Composition 

100 wt% TATB 
llieoretical Maximum Density 

1.938 g/cm' 
Particle Size Distribution 

This superfine I'ArB was dry-aminated, irregular, layer- shaped crystals with 
many holes and imperfections. A screen test showed 78.7% <20-nm and 99.8% <46- 
fim particles. 
Preparation Method 

Pellets were dry pressed to a density of 1.806 g/cm\ Wedges were made by 
abrading the pellets under water. 
Data Summary 

Pft = 1.806 g/cm*. Technique 6 



Coordinates for Coordinates fbr 
Intermediate High-Ordor 
Initial Shock Parameters Regions Detonation 



P. 


u,„ 




X.* 


t,* 


X* 


t* 


Driving" 


(GPa) 


(nun/ius) 


(mm/ Its) 


(mm) 


(MB) 


(mm) 


(MS) 


System 


10.1 


1.2 


4.65 


2.00 


0.435 


5.61 


1.113 


Baratol 


16.0 


1.6 


6.65 


0.90 


0.176 


1.48 


0.260 


TNT 


16.7 


1.5 


6.18 


0.87 


0.146 


1.39 


0.223 


TNT 


20.4 


2.0 


n.64 


0.33 


0.068 


1.12 


0.181 


Comp R 


21.2 


1.8 


6.52 


0.48 


0.074 


0.93 


0.139 


Comp B 


21.8 


1.8 


6.70 


0.31 


0.048 


1.00 


0.146 


Comp B 


28.1 


2.1 


6.89 






0.53 


0.063 


Octo! 


26.3 


2.1 


6.68 






0.49 


0.109 


Octnl 


28.1 


2.2 


7.08 






0.54 


0.075 


Octol 



"Driving systems consisted ol a plane-wave lens (tisually P-081), 50.8 mm of explosive as listed, and 
12.7 mm of 6061 aluminum. 

Reduced Data 
Urt - 2.156 + 2.302 Upo. 
For 10.1 < P < 28.1 (mm/Ms), 

log P = (1.31 ± 0.01) - (0.43 ± 0.03) log x*, and 
log P (1.00 ± 0.02) - (0.38 ± 0.03) log t*. 
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Table 4.11 TETRYL 

Composition 

100 wt% tetryl 
Theoretical Maximum Density 

1.73 g/cm=' 
Particle Size Distribution 

Particles were mostly shapeless, mutticrystaUine agglomerates, about 0.6 mm in 
diameter, with a small fraction of 0.1- to 0.2-mm particles. 
Preparation Method 

Pellets were dry pressed. 1.70-g 'cm^ wedges were formed by machining, and the 
lower density wedges were made by abrading the pellets under water. 
Data Summary 



Technique 5 



Initial Shock Parameters 



Coordinates for 
High-Order 
Detonation 



Po 








t* 


Drivini 


(GPa) 




{mm/na) (mm) 




System' 






Po- 


1.7 g/cm* 






8.53 


1.195 


4.20 


0.52 


0.12 


1 


6.78 


1.028 


3.88 


0.93 


0.21 


2 


5.62 


0.876 


3.77 


1.16 


0.27 


3 


4.98 


0.818 


3.58 


1.76 


0.43 


5 


4.93 


0.806 


3.60 


1.67 


0.41 


4 


3.88 


0.664 


3.44 


2.46 


0.63 


6 


3.31 


0.590 


3.30 


4.15 


1.13 


7 


2.91 


0.522 


3.28 


5.06 


1.41 


8 


2.66 


0.490 


3.19 


7.48 


2.19 


8 


2.41 


0.157 


3.10 


9.71 


2.90 


8 


2.43 


0.453 


3.15 


9.43 


2.78 


8 


2.22 


0.429 


3.05 


11.38 


3.31 


10 


2.22 


0.428 


3.05 


12.96 


3.95 


10 






<»o" 


1.6 i^em* 






8.02 


1.232 


4.07 


0.52 


0.13 


1 


5.82 


1.004 


3.62 


0.87 


0.22 


2 


5.15 


0.935 


3.44 


1.08 


0.27 


3 


4.72 


0.867 


3.40 


1.46 


0.36 


4 


3.52 


0.699 


3.15 


1.89 


0.49 


6 


2.64 


0.580 


2.85 


2.58 


0.75 


7 


2.38 


0.548 


2.71 


3.23 


0.99 


8 


1.98 


0.482 


2.57 


4.61 


1.49 


9 


1.77 


0.451 


2.45 


5.44 


1.87 


10 


1.58 


0.414 


2.39 


6.38 


2.21 


11 


1.49 


0.400 


2.33 


6.82 


2.39 


13 



•See "Notes" at end of table. 
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Tftble 4.11 (contiiiiied) 



Coordinates for 
High-Order 

Initial Shoclc Parameters Detonation 



Po 






X* 


t* 


Driving 


(GPa) 


(mm/Ms) 


{mm/na) 


(mm) 


(MS) 


Syttan 


1 QQ 


U.o io 


2.30 


7.62 


2.74 


15 


1 OR 


l\ 'Id 
U.ODO 


2.15 


9.47 


3.65 


4 A 

18 


1 OR 


ft oai 


2.16 


9.27 


3.80 


18 


1.18 


A A A A 

0.343 


2.15 


10.28 


3.95 


17 


1.13 


0.330 


•2.14 


11.46 


4.55 


19 


1.08 


0.324 


2.09 


12.28 


5.10 


20 






p« ■ 1.6 g/cm' 






•7 AO 




3.84 


0.83 


U. In 


1 


5.36 


1.016 


3.52 


1.05 


0.26 


2 


4.48 


0.902 


3.31 


1,27 


0.34 


3 




0 717 


2.84 


2.34 


0.^ 


6 


2.36 


0.603 


2.60 


2.94 


0.90 


7 


2.05 


0.569 


2.40 


3.34 


1.08 


8 


1.74 


0.491 


2.36 


4.03 


1.33 


9 


1.41 


0.456 


2.06 


6.61 


1.96 


10 


1.29 


0.411 


2.10 


5.94 


2.19 


11 


1.19 


0.404 


1.97 


6.21 


2.37 


13 


1.09 


0.382 


1.90 


7.93 


3.20 


16 


0.97 


0.367 


1.76 


8.29 


3.44 


15 


0.82 


0.328 


1.67 


11.42 


6.30 


21 


0.66 


0.299 


1.48 


15.23 


7.71 


22 


0.67 


0.293 


1.52 


13.00 


6.32 


22 


0.62 


0.287 


1.45 


16.09 


8.28 


22 






1.4g/cm' 






6.84 


1.253 


3.90 


0.93 


0.21 


1 


6.10 


1.063 


3.43 


1.39 


0.95 


2 


4.11 


0.946 


3.10 


1.70 


0.49 


3 


2.75 


0.728 


2.70 


2.80 


0.80 


6 


1.92 


0.613 


2.24 


3.45 


1.11 


7 


1.80 


0.563 


2.28 


4.19 


1.36 


8 


1.48 


0.500 


2.12 


5.06 


1.67 


9 


1.19 


0.454 


1.87 


5.65 


2.18 


10 


1.05 


0.415 


1.80 


6.52 


2.69 


12 


0.94 


0.401 


1.68 


7.18 


2.92 


14 


0.91 


0.392 


1.65 


8.03 


3.30 


16 


0.82 


0.364 


1.60 


8.24 


3.61 


17 


0.66 


0.331 


1.42 


10.82 


5.31 


21 


0.51 


0.297 


1.22 


13.88 


7.66 


23 
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TaUe 4.11 (continued) 

Coordinates for 
High-Order 

Initial Shock Paramctera Detonation 

P, Upo X* t* Driving 

(GPa) (mmZ/is) (mm/^) (nun) Om) Intern 









1.3 g/cm* 






6.91 


1.399 


3.80 


0.81 


0.19 


1 


4.85 


1.140 


3,27 


1.59 


0.39 


2 


3.68 


0.932 


3.04 


1.88 


0.51 


3 


3.26 


0.865 


2.90 


2.59 


0.73 


4 


1.80 


0.632 


2.19 


3.93 


1.35 


7 


1.12 


0.476 


1.81 


5.98 


2.43 


10 


0.73 


0.392 


1.43 


8.25 


3.72 


16 


0.47 


0.332 


1.08 


10.43 


5.54 


21 


0.37 


0.296 


0.96 


12.46 


7.29 


23 



Reduced Data 

Buildup Function Coefficients 

Po = 1.7 g/cm\ 

Ai = 0.9532, Aj = 5.1388, Aj = 0.4179, and A* - 7.65. 
U« « 2.4763 + 1.4160 Up*. 
For 2.22 < P < 8,63, 

log P - (0.79 ± 0.01) - (0.42 ± 0.01) log z*, and 
log P = (0.55 ± 0.01) - (0,39 ± 0,01) log t*. 

Po = 1.6 g/cm*. 

A, = 1.7738, As = 3.2707, A3 = 0.4182. and A* - 7.35. 

= 2.3621 + 1.5285 Upo - 0.2549AJpo. 
For 1.08 < P < 8.02, 

log P « (0.73 ± 0.01) - (0.65 ± 0.01) log x*, and 
log P = (0 4 i 0.01) - (0.56 ± 0.01) log t*. 

Po = 1.5 g/cm\ 

A, = 2.8078, A2 = 2.2508, A3 = 0.4027, and A^ = 7.05. 

= 2.1674 + 1.6225 Upo - 0.341lAJp«. 
For 0.62 < P < 7.09, 

log P - (0.75 ± 0.01) - (0.81 ^ 0.01) log z*, and 
log P " (0.36 ± 0.01) - (0.64 rfe 0.01) log t*. 

Po = 1.4 g/cm'. 

Ai = 3.3485, A, = 1.8668, A3 = 0.45B4, and A* » 6.75. 
U« = 1.6111 + 1.9658 Upo - 0.2784AJp,. 
For 0.51 < P < 6.84, 

log P - (0.84 ± 0.01) - (0.99 ± 0.02) log z*, and 
log P » (0.35 ± 0.01) - (0.75 ± 0.01) log t*. 
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Po = 1.3 g/cm'. 

At = 6.0649, A, = 1.2364, A, = 0.3587, and A4 » 6.45. 
U«, » 2.1620 + 1.4271 Upo - 0.499a/Up„. 

For 0.37 < P < 6.91, 

log P = (0.87 ± 0.05) - (1.11 ± 0.07) log x*. and 
log P = (0.33 ± 0.02) - (0.83 ± 0.03) log t*. 



Notes on Driving System 

Thickness of First- Fret -Surface 

Each l^ayer' Layer Velocity 

Type (mm) Metal Second-Layer Liquid (mm/^s) 



1 


12 


Duial 


b 


1.71 


2 


12 


Zinc 


b 


1.27 


3 


12 


Brass 


b 


l.Ofi 


4 


12 


Dural 


1,1,2,2,-tetrabromoethane 


0.97 


5 


12 


Dural 


Carbon tetrachloride-l,l»2,2- 


0.80-0.97« 








tetrabromoethane mixture 




6 


12 


Dural 


Carbon tetrachloride 


0.80 


7 


12 


Brass 


Methylene iodide 


0.68 


8 


12 


Brass 


Carbon tetrachloride- 1 , 1 , 2, 2- 


0.50-0.64" 








tetrabromoethaiu mixture 




9 


12 


Brass 


Aqueous zinc-iodide solution^ 


0.54 


10 


12 


Brass 


Carbon tetrachloride 


0.50 


11 


12 


Brass 


Trichloroethylene 


0.46 


12 


16 


Brass 


Trichloroethylene 


0.45 


13 


12 


Brass 


/3.5'-dichloroethyl ether 


0.45 


14 


16 


Brass 


d.ij'-dichloroethyl ether 


0.44 


15 


12 


Braaa 


Ethyl oxalate 


0.43 


16 


16 


Brass 


Ethyl oxalate 


0.42 


17 


16 


Brass 


Water 


0.39 


18 


16 


Brass 


Toluene-ethyl oxalate mixture 


0.;{B-0.42« 


19 


16 


Brass 


Ethyl alcohol-water mixture 


0.35-0.39" 


20 


16 


Brass 


Toluene 


0.36 


21 


16 


Brass 


Ethyl alcohol 


o.:?r) 


22 


16 


Brass 


Diethyl ether-ethyl alcohol mixture 


0.31-O..55' 


23 


16 


Brass 


Diethyl ether 


0.31 



'All experiments were performed with a P-120, 30-cm-diameter plane-wave lens and a 10-cm thickness 
of Boratol. Attenuators were made with either one layer or three layen; the third layer was always bnus. 
This attenuator was a single plate of the "first layer metal." 
«The value depends <ni the prcqportions of the two liquids. 

■■The original solution density was 1.77 g/cu*. The density may have been dilbrent at the time of use 

owing to water evaporation. 
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1 III 


1 1 1 


a 




— 




CAST TNT 




^o* ■•634 Q/ewfi 




LIQUID TNT 


A CRAI6 (1965) 


0«8S* 


♦ 25» 


O«l50» 


O 73" 


1 111 


1 1 1 



6 a 10 
X*(mm) 



20 



40 



Fig. 4.05. Relationship between in* 
ifia! pressure and distance-to- 
detunution for cast TNT at 25 and 
73*C and liquid TNT at 85 and 
150«C. 
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Tabto4.13 TNT (a) (SINGLE CRYSTAL) 

Compositioii 

100 wt% TNT 
Theoretical Maximum DmiBity 

1.604 g/cm^ 
Particle Size Distribution 

Single crystal 

PreiMuratioii Method 

ContioUed solvent evaporation 
Data Summary 

Po = 1.654 g/cmK To - 24<'C. Technique 4 



hiitial8ho<dt Parameters Driving 



Shot 
Number 


P. . 

(GPa)' 






U2h 
(mW/ts*) 


System Thickness 
(mm) 


£.2257 


L45 


0.295 


2.976 


-0 


B, 18.8 brass. 2:?.9 Plex, 












12.2 brass. 5.8 Plex 


£-2252 


4.35 


0.672 


3.910 


-0 


B, 6.4 brass, 6.1 Plex 


E.2255 


7.80 


1.069 


4.454 


0.192 


C-1, 24.1 Plex 


E-2262 


8.38 


1.118 


4.532" 


0.213 


B. 11.7 Plex 




8.42 


1.107 


4.600« 


0. 




E-2236 


8.58 


1.083 


4.789» 


0.422 


B.6.1 Plex 




8.67 


1.075 


4.850* 


0 




E-2267 


10.07 


1.324 


4.597* 


0.521 


G, 30.5 Plex 




10.7 


1.353 


4.760- 


0. 




E-2261 


11.8 


1,453 


4.909 


0.095 


H, 30.5 Plex 


E-2256 


13.7 


1.536 


5.394> 


0.339 


G, 5.8 Plex 




13.9 


1.516 


5.550' 


0. 




E-2253 


14.3 


1.588 


5.456 


-0. 


H, 4.6 aluminum 


E-2302 


18.1 


1.932 


5.678 


-0.129 


L, 18.0 Plex 


E-2237 


18.0 


1.745 


6.252 


-0.029 


U 24.1 Plex 


E.2254 


23.3 


2.146 


6.549 


-0.106 


U 6.1 Plex 


•The first U« 


jfiven is that uncorrected for 


wave tilt as 


indicated by the large value of 1/2 b; the 



second given was obtained by forcing 1/2 b to equai zero. 

Reduced Data 

When the data are corrected for wave tilt, 
U« = (2.576 ± 0,229) + (1.822 ± 0.161) Up.. 
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Table 4.15 X-0SO9 (DESTEX) 



Composition 

74 n \vt% TNT, 18.7 wt% aluminum, 4.8 wt% wax, 1.9 wt% acetylene black 
Preparation Method 

Casting and machining to shape 
Data Summary 

po * 1*69 gA;m'. T, « 23<'C. Technique 4 

Coordinates for 
High-Order 

Initial Shodt Parameters Petonatkm Driving 

Shot P X* t* System Thicknese 

Number (GPa) (mm/Ms) (mm/^s) (nun) {fta) (mm) 



E-4454 


5.79 


0.801 


4.280 


23.48 


5.30 


R, 24.1 SS. 11:5 Plex 


E-4383 


6.80 


0.930 


4.328 


12.93 


2.74 


B, 38.1 Plex 


E^35 


7.46 


1.014 


4.348 


11.91 


2.45 


B, 24.1 Plex 


E-443fi 


t',"T 


1.198 


4.725 


6.96 


1.33 


G, 31.7Ple.x 


E-4382 


10.40 


1.224 


5.028 


5.57 


1.05 


G. 25.0 Plex 


E-4434 


11.46 


1.370 


4.948 


3.93 


U.72 


B, 24.1 Plex 


E.4379 


13.74 


1.537 


5.290 


2.2 


0.39 


H. 20 .4 Plex 



Reduced Data 

U„. - (2.996 db 0.252) + (1.481 ± 0.214) Upo 
Pot 5.80 < P < 13.73, 

log P - (1.28 ± 0.02) - (0.38 ± 0.02) log x*. and 
log P « (1.01 ± 0.01) - (0.35 ± 0.02) log t*. 
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Fig. 4.06. Shock Hugoniot for 9S 
DATB/S Estane at three tempwatures. 
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Fig. 4.07. Relatiofiship between 
initial pressure and distance<to> 

detonation for DATB at three 
temperatures. The arrows indicate 
that the transition was not obeer- 
ved up to the distance where the 
point is plotted. 
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Initial Particle Velocity. Vt, (mm/fa ) 
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Fig. 4.08. Relationship between 
initial pressure and distance-to- 
detonation for PBX 9501 at four 
temperatures. 
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Table 4.20 LX-M 



Composition 

85 wt% HMX, 15 vvt% Viton 
Particle Size Distribution 

"Fine-grain" HMX 

PiwiMiratioii Method 

Pressing and machining to shape 
Data Summary 

Po = 1^9 ^cm'. Teclinique 1 



Shot 
Number 



Initial Shock Parameters 



Po 

(GPa) 



Up, 
{mm/us) 



(mmZ/ta) 



Coordinates for 
High-Order 
Detonation 



(mm) 



t* 



Driving 
System Thickness 
(mm) 



E-18B7 


6.74 


0.832 


4.364 


2.39 


B-188e 


4.44 


0.611 


3.896 


6.42 


E-1894 


4.06 


0.577 


3.785 


6.36 



Reduced Data 

- (2.546 ± 0.069) + (2.176 ± 0.131)Up«. 

For 4.06 < P < 6.74, 

log P » (1.01 ± 0.06) - (0.47 ± 0.08) k)g x*. 



B, 6.1 brass 

B, 6.4 brass, 

6.4 PMMA 
B, 6.4Plex, 6.1 brass, 

6.4Plez 
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Distance to Detonation (mm) 




Time to Detonation (fis) 
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Table 4.33 94 TATB (C0AfiSE)/6 £STAN£ 

94 wt% TATB (coaKii 6 ^% BsUifie 
Theoratical Mazimiim Dennly 

1.868 g/cm' 
Particle Size Distribution 

Coarse, fio-Mm median particle diameter 
Preparation Method 

Hot pressing and machining to shape 
Data Summaiy 

Po = 1.846 g/cm'. T« « 23^*0. Technique 3 



Coordinates for 
High-Order 

Initial Shock Parameters Detonaiiun Driving 



Shot 


Pp 




U.0 


X* 


t* 


System Thickness 


NvmlMr 


(GPa) 


imm/na) 


(mm/Ms) 


(mm) 


(MS) 


(mm) 


E-2881 


15.33 


1.506 


5.515 


13.82 


2.33 


H. 11.8 Flex 


E-2912 


17.94 


1.652 


5.882 


8.15 


1.31 


J. 11.8 PMMA 


E-28e3 


25.86 


2.040 


6.867 


1.93 


0.28 


N. 6.3Piex 



Reduced Data 
U.0 = (1.699 ± 0.009) + (2.533 ± 0.005) Upo- 
log P « (1.49 ± 0.01) - (0.27 ± 0.01) log x*. 
log P - (1.28 ± 0.003) - (0.25 dk 0.01) log t*. 
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SHOCK INITIATION PROPERTIES 



Table 4^ 94 TATB (BIMODAL)/6 ESTANE 

Composition 

94 wt% TATB (bimodal), 6 wt% Estane 
Theoretical Maximum Denrily 

1.869 g/cm' 
Particle Size Distrilnitioii 

Bimodal 
Preparation Method 

Hot pressing and machining to shape 
Data Summary 

Po = 1.833 g/cm*. To » 23''C. Technique 3 



Coordinates for 
High-Order 

Initial Shock Parameters Detunation Driving 



Shot 
Number 


Po 

(GPa) 


Up. 
(mm/its) 




X* 

(mm) 


t* 

Ui) 


System Thickness 
(mm) 


E-2915 


12.00 


1.299 


5.040 


17.14 


3.04 


G, 12.2 PMMA 


E-2889 


13.40 


1.350 


5.414 


10.16 


1.70 


H, 11.9 Plex 


E-2913 


17.82 


1.677 


5.796 


5.25 


0.84 


J, 12.1 PMMA 


E-2890 


25.72 


2.139 


6.560 


1.46 


0.21 


N, 6.1 Plex 



Reduced Data 

U,o = (3.032 ± 0.358) + (1.652 ± 0.217)Upo. 
log P = (1.47 ± 0.02) - (0.32 ± 0.02) log x*. 
log P = (1.21 ± 0.81) - (0.29 ± 0.02) log t*. 
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SHOCK INITIATION PROPERTIES 



Table 4.35 94 TATB/3 ELVAX/3 WAX 



Composition 

94 wt% TATB, 3 wt% Elvax, 3 wt% wax 
Theoretical Maximum Dmsity 

1.822 g/cm' 
Particle Size Distribution 

Standard 
Preparation Method 

Hot pressing and machining to shape 
Data Summary 

Po - 1.802 g/cm\ To « 23^C. Technique 3 

Coordinates for 
High-Order 

Initial Shock Parameters Detonation Driving 
Shot ~~Pa IJ^ via ~x* t* System Thickness 

Number {CPb) {mm/nn) {mm/ia) (mm) (ms) (mm) 



E-2899 14.98 1.482 5.610 >19.09 >3.312 H, 13.1 PMMA 

E-2904 17.13 1.660 5.725 17.59 2.951 J, 13.2 PMMA 

E-2905 21.22 1.847 6.375 5.32 0.80 G,6.3Plex 

E-2898 26.17 2.105 6.908 1.92 0.28 N, 6.1 Flex 

Reduced Data 

U«, = (2.215 ± 0.585) + (2.221 ± 0.327)Upo. 

log P = (1.47 ± 0.01) - (0.19 ± 0.01) log X*. 
log P = (1.32 ± 0.004) - (0.18 ± 0.01) log t*. 
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SHOCK INmATlON PROPERTIES 



Table 4.36 94 TATB/4.5 PS/1.5 DOP 

Composition 

94 wt% TATB, 4.5 wt% polystyrene, 1.5 wt% dioctylphthalate (DOP) 
Theoretical Maximum Deiisity 

1.841 g/cm' 
Particle Size Distribution 

Standard 
Preparation Method 

Hot pressing and maduning to shape 
Data Summaiy 

To « 23^0. Technique 3 



Coordinates for 
High-Order 





Initial 


Shock Pai 


rameten Detonation 


Driving 


Shot 




Up. 




f 


System ThlckneM 


Number 


(GPa) 


{mm/us) 


{nau/iis) (mm) 


(m8) 


(nun) 


Po ■ 1.817 g/cm» 


E-2906 


12.88 


1.403 


5.054 16.84 


2.97 


F, 12.3 Plex 


E-2851 


15.24 


1.523 


5.508 9.06 


1.49 


H, 6.2 Plex 


E-2914 


17.40 


1.674 


5.719 7.22 


1.15 


J,12.1PMMA 


E-2887 


25.62 


2.083 


6.768 1.60 


0.22 


N. 6.0 Plex 








Po - 1.825 g/cm' 






E-2903 


15.32 


1.526 


5.498 14.43 


2.45 


H, 12.2 Plex 


E-2850 


17.01 


1.642 


6.675 10.72 


1.77 


H. 6.1 Plex 


E-2888 


25.86 


2.060 


6.813 1.78 


0.23 


N, 6.0 Plex 



Reduced Data 

U.0 = (1.69 ± 0.185) + (2.448 ± 0.1()7)Upo. 
log P = (1.47 ± 0.03) - (0.27 ± 0.03) log x*. 
log P » (1.25 ± 0.01) - (0.24 ± 0.02) log t*. 
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SHOCK mmATEON PROPERTIES 



Table 4.37 92 TATB/6 Pa/2 OOP 



Composition 

92 wt% TATB, 6 wt% polystyrene, 2 wt% dioctylphthalate 
Theoretical Maximum Deneit^ 

1.811 g/cm* 
Particle Size Distrilmtlon 

Standard 
Preparation Method 

Hot pressing and maching to shape 
Data Summary 

Po = 1.797 g/cm^ To * 23°C. Technique 3 

Coordinates for 
High-Order 

Initial Shock Parameters Detonation 

Shot "p; ~^ t*~ 

Number (GPa) {mm/ia} (mnZ/is) (mm) (^is) 



Driving 
System Thickn^s 
(mm) 



E-2920 13.35 1.420 5.231 >26.46 >4.64 G.ll.SPMMA 

E-2945 13.75 1.-452 5.270 19.25 3.38 H. 18.1 PMMA 

E-2924 15.25 1.529 5.549 14.37 2.44 H, 12.0 PMMA 

E-2917 17.93 1.693 5.895 7.98 1.29 L, 24.8 Flex 



Reduced Data 

Um " (1.676 ± 0.325) + (2.501 ± 0.213)Upo. 
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SHOCK INITIATION PROPERTIES 



Table 4^ M TATB/IO ESTANE 

Composition 

90 \vt% TATB, 10 wt% Estane 
Theoretical Maximum Density 

1.827 g/cm» 
Particle Size Distriliutioii 

Standard 
Preparation Method 

Hot i:)ressin^ and machining to shape 
Data Summary 

Po = 1.805 g/cm\ To « 23°C. Technique 3 



Initial Shock Parameters 



Coordinates for 
High-Order 
Detonation 



Shot P« Upo U«, X* t* 

Number (GPa) (mm/fii) {mm/itM) (mm) Oie) 



Driving 
System Thickness 
(mm) 



E.2911 17.04 1.646 5.734 14.37 2.40 J,13.1PMMA 
E-2906 24.48 2.049 6.620 1.83 0.27 N,6.5Plex 
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SHOCK INITIATION PROPERTIES 
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SHOCK INITIATION PROPERTIES 
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SHOCK INITIATION PROPERTIES 
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SHOCK INmATION PROPERTIES 



Table 4.40 90 TATB/6 KEL-F 800/5 KEL-F 820 



Composition 

90 wi% TATB, 5 vvt% Kel-F 800, 5 wt% Kel-F 820 
Theoretical Maximum Density 

1.944 g/cm' 
Particle Size Distribntioii 

Standard 
Preparation Method 

Hot pressing and machining to shape 
Data Summary 

Pft = 1.917 g/cm'. To * 23''C. Technique 2 



Initial Shock Parameters 



Coordinate for 
High-Order 

Detonation 



Shot 
Number 



(GPa) 



Up. 



(nun/fit) 



t* 

(fie) 



Driving 
System Thickness 
(mm) 



E-2260 10.16 1.105 4.796- >20.73 — B.5.5Plex 

E-2263 13.86 1.342 5.387' >20.82 --- G,24.5Plex 

E-2266 16.19 1.499 5.635» 9.60 — H, 12.2 Flex 

E-2258 18.99 1.625 6.096 3.7 — H, 5.9 Flex 



Multiple Shock 

Driving 

Shot P, Up, U.i XoT P2 U„ X* System Thickness 
Number (GPa) (mmZ/ts) (mm/Ms) (mm) (GPa) (mmZ/ts) (mm) (mm) 



E-2265 12.2 ~1.22 5.058 6.65 -18.2 5.985 lO.?-^ P, 1.05D-38 



■Decelerates. 
^Porar record. 

■4.05 mm downstream from overtake. 
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SHOCK INITIATION PROPERTIES 



'IWble4.41 90 TATB/5 ELVAX/6 WAX 

Compositioii 

90 \vt% TATB, 5 wt% Elvax, 5 wt% wax 
Theoretical Maximum Density 

1.751 g/cnv^ 
Particle Size Distribution 

Standard 
Preparation Method 

Hot pressing and machining to shape 
Data Summar>' 

Po = 1.739 g/cm\ To » 23*C. Technique 3 

Coordinates for 
High-Order 

Initial Shodi Parameters Detonation Driving 
Shot P« Upo U« X* t* System Thickness 

Nnmbor (GPa) (mm/Ms) (mm/M>) (mm) (ja) (mm) 



E-2918 18.r]2 1.G72 6.302 25.52 H.?:^ L. 24.fi Plex 
E-2931 19.86 1.834 6.224' 8.72 1.36 L, 18.2PMMA 
E-2928 21.38 1.909 6.441 4.73 0.73 L,12.3PMMA 



'The input wave was tilted significantly in a ditection that eauaed low initial shock veloci^. 

Reduced Data 

Fit not made owing to nature of the data. 
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SHOCK INITIATION PROPERTIES 



Table 4.42 85 TATIV15KEL-F 800 



Composition 

85 wt% TATB. 15 \vt% Kel-F 800 
Theoretical Maximum Density 

1.948 g/cm» 
Particle Size Difltribution 

Standard 
Preparation Method 

Hot pressing and machining to shape 
Data Summary 

Po = 1.930 g/cm^ To = 23°C. Technique 3 

Coordinates for 
High-Order 

Initial Shock F^arainotors Detonation 



Driving 



Shot P, Up, Um X* t* System Thickness 

Number (GPa) (mm/ita) (mmZ/is) (mm) (^s) (mm) 



E-29m 


14.31 


1.380 


5.371 


16.60 


2.88 


H, 18.8 PMMA 


E-2848 


15.60 


1.476 


5.477 


12.35 


2.12 


H, 13.1 V\e\ 


E-2852 


17.14 


1.575 


5.638 


8.72 


1.46 


H, 6.3 Piex 


E.2846 


18.68 


1.684 


5.749 


6.73 


1.11 


H, 6.0 PMMA 



Reduced Data 

= (3.603 ± 0.125) + (1.279 ± 0.082)Up». 
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SHOCK INmATION PROPERTIES 



Table 4.43 85 TATB/7.5 KEL-F 80(1/7.5 KEL-F 827 

Composition 

85 wt% TATR. 7.n wt% Kel-F 800, 7.5 wt% Kel-F 827 
Theoretical Maximum Density 

1.947 g/cm" 
Particle Size Distribution 

Standard 
Preparatioii Method 

Hot pressing and machining to shape 
Data Summary 

p„ = L912 g/cm». To « 23°C. Technique 3 



Coordinates for 
High-Order 

Initial Shock Parameter! Detonation Driving 



Shot 
Number 


P. 

(GPa) 


Up. 

{mm/fo) 


u.. 


X* 

(mm) 


t* 


System ThickneaB 
(mm) 


E-2895 


13.18 


1.341 


5.141 


12.27 


2.16 


H. 23.9 Plex 


E-2H1H" 


-13.6 






9.59 




H. 23.7 PMMA 


E-2819 


14.42 


1.381 


5.462 


7.21 


1.22 


H, 13.4 PMMA 


E.2820 


18.67 


1.707 


5.722 


4.57 


0.73 


H. 6.0 PMMA 



■Very poor record. 



Reduced Data 

U«, = (0.944 ± 0.828) + (3.179 ± 0,632)Upo. 
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SHOCK INITIATION PROPERTIES 
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SHOCK INITIATION PROPERTIES 



Table 4.45 SPIS-44 GLASS n PROPELLANT 

Composition 

49 wt% AP, 20 wt% HMX, 21 wt% Al, 7.27 wt% R46M. 2 wt% INDOPOL, 0.61 
\vt°o IPDI, 0.15 wl% Tri)anol, 0.07 wt% CAO-14 
Theoretical Maximum Density 

1.8M1 g/cm' 
Particle Size Distribution 

9'nm HMX. 200-Mm AP (28%), 6-/im AP (21%), 6-Mm Al 
Preparation Method 

Casting, curing, and macliining to sliape 
Data Summar>' 

Po = 1.830 g/cm\ To = 24'C. Technique 7 



Coordinates for 
High-Order 

Initial Shock Parameters Detonation Drivi 



Shot 
Number 


P. 
(GPa) 


(nun/MB> 


(nunZ/is) 


X* 

(nun) 


t* 
(MS) 


System Thickness 
(mm) 


E-4527 


3.63 


0.536 


3.70 


■ 




C. 24.1 SS, 18.3 Plex 


E-4554 


7.05 


0.864 


4.46 


a 




L,24.1 SS. 10.9 Plex 


E-4563 


22.3 


1.92 


6.36 


a 




L, 17.8 Plex 


&4561 


25.7 


2.11 


6.65 


• 




S, 10.9 Plex 



"Nn transition to detonation wns nhRerv'ed within 25.4 mm, but a violMitzMction trailed the shock wave 

at a time that depended on the shock pressure. 



Reduced Data 

- (2.774 ± 0.093) + (1.855 ± 0.062)Upo. 
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SHOCK INITIATION PROPERTIES 



'nible4.46 8PIS-46 CLASS II PROPELLANT 



CompoiituHi 

72.7 wt% R45M, 0.07 wt% CAO-14, 2.00 wt% INDOPOL, 0.15 wt% Tepanol, 0.51 
wt% IPDI, 21 wt% Al, 12 wt% HMX, 67 wt% AP 
Theoretical Maximum Density 

1.832 g/cm=' 
Particle Size Distribution 

9-/im HMX, 200-Mm AP (36%), 6-/im AP (21%), 6-Mm Al 
Preparation Method 

Casting and curing 
Data Summary 

= 1.831 g/cm». To « 24*C. Technique 7 

Coordinates for 

High-Order 

Initial Shock Parameters Detonation 

Shot Po VZ u!^ t^ 

Number (GPa) {mm/na) (mm/na) (mm) (/ts) 



Driving 
System Thickness 
(mm) 



E-4553 6.47 0.723 4.13 * — H, 19.0 SS, 10.9 Plex 

E-4550 18.7 1.69 6.06 * — L, 24.1 Plex 



*No transition to detonation was observed within 25.4 nun, but a violent reaction trailed the shock wave 
at a time that depended on the shock pressure. 
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SHOCK INmATION PROPERTIES 



Table 4.47 TP-N1028 CLASS VII PROPELLANT 

Data Summaiy 

Pft = 1.846 g/cm*. To = 24'*C. Technique 7 

CoordinatM flor 
High-Order 

Initial Shock Parameters Detonation 

Shot U^^ \j2 F~ Driving System Thicknew 

Number (GPa) {mm/na) {mm/fis) (mm) (jus) (mm) 



E-4609 


3.20 


0.501 


3.46 


>26. 




B, 17.8 PC, 11. 4 SS, 10.9 PMMA 


E-4597 


3.76 


0.604 


3J7 


22.0 


6.57 


B, 19.1 SS, 10.9 PMMA 


E-4606 


3.97 


0.601 


3.58 


23.0 


5.91 


B, 19.1 SS, 10.9 PMMA 


E-4593 


4.66 


0.632 


4.00 


16.9 


4.06 


D, 19.1 SS. 10.9 PMMA 


E-4588 


5.38 


0.678 


4.30 


12.2 


2.79 


H. 19.0 SS, 10.9 PMMA 


E^7 


5.26 


0.723 


3.94 


11.3 


2.59 


H. 19.0 88,10.9 PMMA 


E-4599 


6.70 


0.794 


4.57 


7.0 


1.42 


K. 19.1 SS. 10.9 PMMA 


E-4604 


7.60 


0.879 


4.68 


5.3 


1.06 


L, 19.1 SS, 10.9 PMMA 


E-4610 


7.86 


0.906 


4.70 


5.2 


1.08 


L, 19.1 SS, 10.9 PMMA 


E-4612 


8.85 


1.008 


4.76 


3.6 


0.71 


B. 22.9 PMMA 



Reduced Data 

p = 1.846 g/cm\ 

U„ » (2.20 ± 0.199) + (2.669 ± 0.279)Up.. 

Ci, - 2.36 mza/fis, Cg - 0.35 mm/iis, and Co = 2.33 mmZ/ts. 
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l^l>le4.48 UTP-20980 CLASS Vn FROPELLANT 

Data Summary 
p« = 1.838 fs/cmK To - 24°C. Technique 7 



Coordinates for 

High-Order 

Initial Shock Parameters Detonation 



Shot 


P, 


Up, 


u« 


X* 


t* 


Driving System Tliiclcnesg 


Number 


(GPa) 


(mm/fia) 


(mm/Ms) 


(mm) 


(MS) 


(mm) 


£-4606 


3.13 


0.494 


3.45 


>26 




B. 17.8 PC, 12.7 SS, 10.9 PMMA 


E-4e03 


4.46 


0.613 


3.96 


24.3 


5.73 


H. 24.1 SS. 18.0 PMMA 


E-4598 


4.58 


0.635 


3.92 


26.5 


6.2 


D, 19 SS. 10.9 PMMA 


E-4594 


5.18 


0.705 


4.00 


17.3 


4.05 


H. 19 SS. 10.9 PMMA 


£-4602 


5.39 


0.714 


4.11 


18.3 


4.18 


H, 1988, 10.9 PMMA 


£-4600 


6.50 


0.830 


4.26 


10.9 


2.33 


K. 19 SS. 10.9 PMMA 


E-4605 


7.41 


0.892 


4.52 


6.5 


1.37 


L, 19 SS. 10.9 PMMA 


E-4601 


7.41 


0.942 


4.28 


7.0 


1.53 


L, 19 SS. 10.9 PMMA 


E-4611 


8.8 


0.96 


4.9 d: 0.1 


4.6 


0.91 


B. 20.3, PMMA 



Reduced Data 
p = 1.838 g/cm\ 

Um » (2.529 ± 0.133) + (2.157 ± 0.181)Upo. 

Cl " 2.61 mm/tis, Cs " 0.41 mm/fts, and Co = 2.67 mm/^s. 
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Table 4.51 VBP CLASS VII FROPELLANT 

Preparation Method 

Vacuum casting, pressure curing, and machining to shape 
Data Summary 

Po = 1.836 g/cm^ To = 24''C. Technique 7 

Coordinates for 
High-Order 

Initial Shock Parameters Detonation Driving 



Shot 








X* 


t* 


System Thicknness 


Number 


(GPa) 


{nuna/fis) 


(mm/Ms) 


(mm) 




(mm) 


E-4513 


3.42 


0.548 


3.40 


>25.5 


>7.15 


B, 24.1SS, 23.3 PMMA 


E.4614 


5.27 


0.718 


4.0 


8.55 


2.17 


H, 19 SS, 19.0 PMMA 


E-4524 


3.65 


0.542 


3.67 


22.6 


5.81 


B, 24.1 SS, H. 8 PMMA 


E-4526 


6.27 


0.835 


4.09 


5.69 


1.28 


K, 24.1SS, 10.9 PMMA 


E-4533 


5.42 


0.738 


4.00 


9.40 


2.21 


G, 19 SS. 10.9 PMMA 


B-4534 


4.3S 


0.653 


3.63 


21.1 


5.48 


B, 19 SS, 10.9 PMMA 


E-4541 


6.26 


0.784 


4.35 


5.75 


1.27 


K, 24.1 SS, 10.9 PMMA 


E-4545 


7.20 


0.872 


4.5 


5.21 


1.03 


U 24.1 SS, 10.9 PMMA 



Reduced Data 



U»o = (1.992 ± 0.365) + (2.761 ± 0.507)Upo. 



Table 4.52 VTG-5A CLASS VII FROPELLANT 

Preparation Method 

Vacuum casting and pressure curing 
Data Summary 

p, = 1.839 g/cm'. To = 24°C. Technique 7 

Coordinates for 
High-Order 

Initial Shock Parameters Detonation 

Shot P, Upo Um z* t* Driving System Thickness 
Number (GPa) (nun/us) {mm/ia) (mm) (/is) (mm) 



E- 4.506 


6.01 


0.760 


4.3 


7.08 


1.82 


H, 24.1SS. 10.9 PMMA 


E-4515 


5.52 


0.728 


4.12 


7.53 


1.76 


H, 19.0 SS, 10.9 PMMA 


E-4516 


5.79 


0.749 


4.20 


7.64 


1.80 


L,24.1 SS, 23.7 PMMA 


E-4518 


3.53 


0.545 


3.52 


>25.5 


>6.79 


C-1, 24.1SS, 23.7 PMMA 


E-4532 


3.68 


0.572 


3.50 


23.0 


6.05 


B. 19 SS. 10.9 PMMA 


E-4537 


7.25 


0.876 


4.5 


4.68 


0.97 


L, 24.1 SS, 10.9 PMMA 


E-4546 


4.45 


0.637 


3.80 


14.9 


3.70 


D. 19.0 88,10.9 PMMA 



Reduced Data 

U«, « (1.703 ± 0.177) + (3,292 db 0.251)Up,. 



422 



Copyrighted malBrial 



SHOCK D^mATION PROPERTIES 



Tteblei.fiS VTQ-2 CLASS Vn PROPELLANT 

Preparation Method 

Vacuum casting, pressure curing, and machining to shape 
Data Summary 
Po = 1.852 g/cm'. To = 24°C. Technique 7 



Coordinates for 
High-Order 

Inidd Sliock Parameters DeUmatioii 



Shot 


Po 


Up, 




X* 


t* 


Driving System Tliiclciiess 


Number 


(GPa) 


{mm/iiM) (miq/iis) 


(mm) 


(MB) 


(mm) 


Lotl 


E-447U 


2.50 


0.43 


3.14 


>25.5 


>7.37 


B, 18 loam, 11 SS, 11 PMMA 


E-4447 


2.48 


0.42 


3.19 


>25.4 


>7.34 


B, 18 foam, 11 SS, 11 PMMA 


E-4480 


2.99 


0.47 


3.44 


22.5 


6.13 


B, 18 PE, 12 SS. 11 PMM.A 


E-4462 


2.85 


0.46 


3.35 


22.4 


6.15 


B, 18 PE, 12 SS. 11 PMMA 


E-4440 


a.oo 


0.54 


3.50 


17.8 


4.66 


B, 24 SS, 23 PMMA 


E-4443 


3.72 


0.58 


3.46 


15.9 


4.18 


B.24SS, 18 PMMA 


E-4449 


5.16 


0.64 


4.35 


9.47 


2.07 


H, 24SS, 11 PMMA 


E-4474 


7.73 


0.84 


4.97 


3.74 


0.76 


L. 24 SS. 11 PMMA 


E-4446 


11.4 


1.07 


5.73 


1.4 


0.24 


J, 51 PMMA 










Lot 2 






E-4522 


3.07 


0.48 


3.45 


22.5 


6.02 


B, 18 PE, 12 SS. 11 PMMA 




3.55 


0..53 


3.62 


16.7 


4.38 


B. 24 SS. 23 PMMA 


E-4i}U2 


5.04 


0.67 


4.06 


7.32 


1.72 


H,24SS,11PMMA 


E-45OT 


5.89 


0.77 


4.13 


4.85 


1.09 


L,24SS.19PMMA 



Reduced Data 
U« = (1.514 ± 0.192) + (3.887 + 0.303)U 
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Table 4.54 VTQ-3 CLASS VII PROPELLANT 

Preparation Method 

\';huuiii casting and pressure curing 
Da la Summary 
Po * 1.857 g/cm». T« « 24"C. Technique 7 

Coordinates for 
High-Order 

Initial Sliocli Parameters Detonation 



Shot 


P 






X* 


t* 


Driving System Tbiduiefla 


Number 


(CPa) 




(mm) 




(mm) 


E-4555 


3.21 


0.500 


3.46 


26.0 


7.1 


B, 17.8 PC, 12.7 SS, 10.9 PMMA 


E-4560 


3.SS 


0.571 


3.66 


15.8 


3.96 


B,19.1 SS. 10.9 PMMA 


E-4551 


4.21 


0.625 


3.63 


12.6 


3.12 


D,24.0SS. 18.5 PMMA 


E-45oO 


5.12 


0.673 


4.1 


8.50 


1.95 


H.24.1 SS. 10.9 PMMA 


E-4540 


5.74 


0.773 


4.0 


5.98 


1,37 


H. 19 SS. 1U.9 PMMA 


E-4558 


7.15 


0.877 


4.39 


3.95 


0.82 


J, 24.1 SS. 10.9 PMMA 



Reduced Data 

U«, = (2.287 ± 0.318) + (2.368 ± 0.466)Upg. 
Co = 2.20 mm/jus. 

Table 4.55 VWC-2 CLASS VII PROPELLANT 

Preparation Method 

Vacuum casting, i)ressure curing, and machining to shape 
Data Summary 

Po = 1.835 g/cm». Tp = 24*0. Technique 7 



Coordinates for 
High-Order 

Initial Shock Parameters Detonation Driving 



Shot 
Number 


Po 

<GPa) 


(mm/Ms) 


(mm/Ms) 


X* 

(mm) 


t* 
(MS) 


Syiilcm Thiclcness 
(mm) 


E-4564 


3.87 


0.596 


3.64 


23.4 


6.16 


B.24.1 SS, 18.3 PMMA 


E-4.',-2 


3.92 


0..^97 


.■^.58 


20.9 


5.44 


R. 24,1 SS. 18. n PMMA 


E-4548 


4.47 


0.640 


3.81 


14.3 


3.58 


D. 24.0 SS. 10.9 PMMA 


E-4547 


4.79 


0.706 


3.7 ± 0.2 


14.1 


3.48 


D, 19.0 SS, 10.9 PMMA 


E-4565 


5.13 


0.718 


3.89 


9.0 


2.15 


H. 19.0 SS, 10.9 PMMA 


E-4539 


5.19 


0.702 


4.03 


9.2 


2.17 


H. 19.0 SS. 10.9 PMMA 


E-4557 


6.44 


0.811 


4.33 


6.1 


1.34 


K,24.1 SS, 10.9 PMMA 




7.:^() 


0.878 


4.53 


4.3 


0.93 


L, 19.1 SS, 10.9 PMMA 



Reduced Data 
p = 1.835 g/cm*. 

« (1.989 ± 0.121) + (2.764 ± 0.180)Up„. 
Cl - 2.13 mm/fts, Cg "= 0.49 mm/ta, and Co " 2.05 mm/^is. 
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4.2 SmaU- and Large-Scale Gap Thicknesses* Gap tests are explosive shock 

tests. A standard donor explosive produces a shock pressure of uniform ma^niiude 
which is transmitted to the test explosive through an attenuating inert barrier or 
^'ap. By varvin<: the thickness ol the harrier between the donor and test (acceptor) 
explosives, one can determine tlie barrier thickness required to inhibit detonation in 
the test explosive half the time (Gso). 

A variety of gap tests have been used to ({ualitatively measure the shock wave 
amplitude required to initiate detonation in explosives. LASL has used two test 
configurations that differ only in scale. The diameter of the cylindrical acceptor 
charge in the small-scale test is I'i.T mm; that in the large-scale test is 41.3 mm. An 
explosive whose detonation failure diameter is near to or greater than the diameter 
of the acceptor charge cannot be tested in the small-scale test so the large-scale test 
is used. Figures 4.10 and 4.11 show the configuration of both gap tests. The test 
procedure is to fire a few preliminary' shots to determine the spacer thickness that 
allows detonation in the test explosive. Shots are fired with the spacer thickness 
alternately increased and decreased until the spacer thickness that allows detona- 
tion in the acceptor explosive in half of the trials is determined. A deep, .sharply 
deiined dent in the steel witness plate indicates that the test explosive detonated. 




Fig. 4.10. Large-scale gap 
test assembly. 



Fig. 4.1 1. Small-scale gap 

test ahsembly. 
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Fig. 4.12. Small-scale gap 
test sensitivity of PETX vs 
loading density. 
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Fig. 4.13 Small-acale gap 

test sensitivity of 0.9.5-K/cm* 
PETN vs specific surfiace. 
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Fig. 4.14. Small-scale gap test sensitivity of 0.95-g/cm' PETN vs 
specific surface. 
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Fig. 4.15. Small-scale gap test sensitivity of PETN 
V8 cxy^ conoentiaticn. 
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Fig. 4.16. Small-scale gap test sensitivy of PETN 
VB oxygen concentratioii. 
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Fl(. 4.17. Small-scale gap test sensitivity of PETN vs interstitial gas 
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Fig. 4.18. Small-scale gap test sensitivily of PETN vs intezstitiAl gas 

pressure. 
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Fig. 4.19. Small-scale gap test sensitivity of RDX vs 
specific sur&ce at loading density = 0.80 g/cm*. 
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Fig. 1.20. Small-scale gap test sensitivity of RDX VS 
specitic surface at loading density = 1.00 g/cm^ 



4.3. Mmimimi Primmg Charge. The minimum priming charge test determines 
the quantity of some initiator or booster explosive that will cause hi^-order 
detonation in the test explosive in half the trials. This test has been used to deter- 
mine both the relative effectiveness of various initiator explosives and the relative 

sensitivities of various test explosives. The basic property of the test explosive is its 
ability to build up to a hi^'h-order detonation alter a short, intense, geometrically 
small, and usually higlily divergent shuck wave is induced from the priming charge. 

Figure 4.21 shows the LASL version of this test. The test charge is a 2>in.-diam 
2-in.-high cylinder. A hemispherical cavity milled into one face is filled with a 

putty-like explosive, XTX 8003, prepared by roll-milling 80 parts of a specially 
recrystaliized PETN with 20 parts of an uncatalyzed silicone resin (Dow Coming 
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OCTOIMTOII 
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■RAM 0/2 in. THICK) 



HOD - PETN/SVtGAH0 10 



Fig. 4.21. Minimum priming charge 
test assembly. 



Resin 9:^022. Sylgard 182). This material was chosen because it can be loaded 
readily into the cavity, and it propagates a detonation in quite small diameters of 
test explosives, i'he 1/2-in. -thick brass plate that covers the assembly partly con- 
fines the explosive reaction and also serves as a locating ring for the 2-grain/ft mUd 
detonating fuse (MDF) that carries the detonation from the detonator to the XTX 
8003. 

The quantity varied is the diameter of the hemispherical cavity, and hence the 
volume and weight of the XTX 8003 booster. This is done by using a set of end mills 
whose tips have been ground so that they form cavities of the desired sizes. The 
ca\iiy is filled by weighing out the required quantity of XTX 8003 (1.53-g/cm' 
loading density), rolling it into a ball, and pressing it into place. 

The weight of XTX 8003 is increased and decreased in logarithmic steps of 0.1 log 
units, starting with 1.53 mg, until the quantity of XTX 8003 required to detonate 
the test charge in half the trials is found. 

4.4 Rifle Bullet Test. Three tests have been used at LASL to determine the 

response of explosives to attack by rifle bullets. 

In the lirst test, a bare, 2-in.-diam by 3-in.-long cylinder is placed in the \' -notch 
ol a plastic holder that rests on a steel plate. The projectile, a 90-grain steel 
cylinder, roughly 0.3 in. in diameter and 0.5 in. long, is fired at the end of the charge 
by a .30 caliber rifle. The approximate bullet velocity is measured with velocity 
screens. A microphone or pressure transducer that measures the overpressure 
created by an event usually indicates either no overpressure or a pressure 
characteristic of a detonation. Results are expressed in terms of a critical velocity, 
Vcriti the minimum velocity at which detonations were observed, V<|..| „,i„; and the 
maximum velocity at which no reactions were observed, Win^n max- This test is 
another shock sensitivity test. The bullet velocity is an indirect indicator of the 
shock pressure required to initiate detonation. 

In the second and third tests, the explosive is confined in a 1- by 1.5-in. pipe nip- 
ple or a 1-pint cardboard carton, respectivelv. Standard .30 and .50 caliber bullets 
weighing 153 and TOO grams are fired at velocities of 2755 and 2840 ft/s to attack the 
explosive. (In these tests the pipe nipple confinement is used for explosives cast or 
pressed to more than 96% of their crystal densities. The cardboard carton confine- 
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ment is used to test explosives at their bulk densities.) In each case the bullet is 
fired at the cylindrical surface of the confinement vessel with the bullet velocity and 
caliber held constant. 

The results are expressed as follows: no explosion (NE), in which there is no ex- 
plosive reaction; partial explosion (PE), in which some unconsumed explosive is 
recovered; explosion (E), in which no explosive is recovered; and complete explosion 
(CE), in which no explosive is recovered and the steel pipe nipple is recovered in 
small fragments. The difference between an explosion and complete explosion is 
subjective in that it depends upon the amplitude of the sound produced by the 
event and recovery of the debris. 

A test series usually consists of 10 to 20 shotd, and the results are given as the 
probability of no explosion, Pnei and the probability of a complete explosion, Pcb. 

Table 4.57 MINIMUM PRIMING CHARGE 



Minimum 

Priming 
Density Weight, W„ 



Explosive 


(g/cm^) 


(mg) 


Pure Explosives 


Ammoniuinpicrate 1.646 


1790 


DATB 


1.707 


26 


TNT" 


1.59 


394 




1.63 


1260 


Tetryl 


1.692 


<5 




Castable Mixtures 




Comp A-3 


1.63 


51 


CompB-S 


1.726 


623 


Cyclolol (70/30) 


1.739 


898 


Cyclotol (75/25) 


1.749 


785 


Octol 


1.818 


292 




Plastic-Bonded Explosives 




H MX- Based 






PBX 9011 


1.77 


88.8 


PBX 9404 


1.830 


22.8 


X 112: U 


1.847 


24.0 


RDX- Based 






PBX 9007 


1.649 


14.4 


PBX 9010 


1.782 


58.1 


PBX 9205 


1.690 


78.5 


PBX 9107 


1.764 


6.3 


TATB-Based 






PBX 9502 


1.915 


>4835 


•Pressed at eS^C. 
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TaUe4.58 UNCONFINED EXPLOSIVES 
(except M noted) 

Density Watt ram Vi„m ma> 
Explosive (g/cm*) (tt/a) (ft/s) Remarks 



Pure Explogj vea 

Tetiyl 1.677 2077 2116 



Castable Mixtures 



Comp B-3 


1.728 


3410 


3395 




1.728 


3420 


3390 


Confined in 1/B-in .-thick brass tube 




1.728 


3405 


3433 


Confined in l/4-in.-thick brawtiibe 




1.728 


3364 


3395 


Confined in 3/8-in.-thick bran tube 


Octol 75/25 


1.807 


3861 


3842 








nastic-Bonded Explorives 


HMX-Baged 










PBX9404 


1.826 


3058 


3085 






1 .825 


3028 


3098 


■ 




1.824 


3129 


3178 


• 




1.843 


2870 


2970 


b 




1.8.30 


2830 


2976 


Unimodal HMX 25-Mm median diai 




1.837 


2738 


2878 


b 




1.836 


2896 


2991 


* 




1.837 


2640 


2830 


b 


HMXandwax 


1.767 


3066 


3102 


S8 \vt% HMX/12 wt% Elvax 




1.763 


3267 


3190 


88\vt% HMX/6wt% 










Elvax/6 wt% wax 




1.767 


3066 


3111 


88 wt% HMX/12 wt% 


RDX'Bated 










PBX9010 


1.786 








RDXandwax 


1.666 


29(XJ 


2890 


94 wt°o RDX/fi wt% wax 




1.696 


2900 


2920 


96wt%HDX/3.7wt% 










wax/0.3 wt% rubber 




1.680 


2400 


2340 


98wt%RDX/1.7wt% 



wax/0.3 wt% rubber 



■Unimodal HMX 125-|tm median diameter. 
"Standard HMX particle sin distribution. 
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Talile4.69 CONFINED EXPLOSIVES 

Confinement: 1- by 1.5-in, pipe nipple 
Bullet Type: .30 Caliber 
Bullet Weight: 153 grains 
Bullet Velocity: 2755 ft/s 

Density 



Explosive 


(g/cm*) 


NE 


PE 


E 


CE 


Pmb 


Pes 




Castable Mixtures 












ConiD B 


1.720 


20 


0 


0 


0 


100 


0 




1.757 


20 


0 


n 


0 




n 

V 


Octol 25/25 


1.815 


20 


0 


0 


0 


100 


0 




Plastic-Bonded BsploBives 










HMX-Based 
















PBX9404 


1.840 


0 


1 


18 


1 


0 


5 




1.844 


6 


7 




0 


30 


0 




1.827 


1 


4 


14 


1 


5 


5 




1.825 


1 


3 


15 


1 


5 


5 




1.823 


0 


13 


5 


0 


0 


0 




1.840 


T 
( 


9 


4 


0 


35 


0 




1.839 


3 


1 


15 


1 


15 


5 




1.840 


1 


7 


12 


1 


5 


5 


97 wt% HMX/3 wt% wax 


1.773 


19 


1 


0 


0 


95 


0 


HDX-Ba»ed 
















Ff^X 0007 


1.642 


5 


13 


2 


0 


25 


(1 


PBX9407 


1.772 


0 


0 


lU 


0 


0 


0 




1.744 


0 


0 


10 


0 


0 


0 



Confinement: 1- by 1.5-in. pipe nipple 
Bullet Type: .50 Caliber 
Bullet Weight: 153 grains 
Bullet Vellocity: 2840 ft/s 

Pure Explosives 



Tetryl 


1.682 


10 


8 


2 


0 


50 


0 




Castable Mixtuies 












CompB 


1.71 


18 


2 


0 


0 


90 


0 


Cyclotol 75/25 


1.74 


10 


0 


0 


0 


100 


0 




Plastic-Ron 


ded Explrjs 


ive = 










HMX'Based 
















PBX 9404 


1.844 


10 


6 


4 


0 


50 


0 


RDX-Based 
















PBX 9010 


1.783 


0 


0 


20 


0 


0 


0 
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Table 4.59 (contintied) 



Density 

Explosive (g/cm' NE PE £ C£ Pnb P, 



Confinement: Cardboard Carton, 3-5/16-m. i.d. by 3-3/16-m.-high by l/32-in.-wall 
Bullet Type: MO Caliber 
Bullet Weight: 153 grains 
Bullet Velocity: 2755 ft/s 



Ptira Exploeives 



Tetryl 


0.85 0 0 
Plastic-Bonded Elxplosives 




20 


0 


100 


HMX- Based 
















PBX 9404 


1.00 


0 


2 




18 


0 


go 




0.96 


0 


1 




19 


0 


95 




0.98 


0 


3 




17 


0 


85 




1.09 




17 




3 


0 






1.10 


0 


20 




0 


0 


0 




1.09 


0 


20 




0 


0 


0 






10 


0 




0 


100 


0 


RDX-Based 
















PBX 9007 


0.77 


10 


0 




0 


100 


0 


PBX 9407 


0.60 


0 


0 




10 


0 


100 




0.63 


2 


0 


0 


18 


10 


90 



Confinement: Cardboard, 3.312-in.-i.d. by 3.187-in.-high by ,30-m.-wall 
Bullet Type: .30 Caliber 
Bullet Weight: 153 grains 
Bullet Velocity: 2000 ft/s 

I', ire Fxrilii.^iv es 



Tetryl 


0.89 18 0 
Plastic-Bonded Explosives 


2 


90 


10 


HMX -Based 














PBX 9404 


1.00 


12 


3 


5 


60 


25 




0.98 


20 


0 


0 


100 


0 




0.96 


20 


0 


0 


100 


0 


RDX-Ba,sed 














PBX 9010 


0.89 


18 


0 


2 


90 


10 
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Table 4.59 (eontinued) 

Density 

Explosive (g/cm') NE P£ E CE Pnb Pes 



Conlinemeni: Cardboard, 3.312-in.-i.d. by 3.187 -in.-high by U.030-in.-waU 
Bullet Type: .30 Caliber 
Bullet Weight: 153 grains 
Bullet Velocity: 2250 ft/s 



Pure Fx[jli)>ivi' 



Tetryl 


0.89 


1 


0 


19 


5 


95 




Plastic-Bonded Explosivca 








HMX-Based 














PBX 9404 


1.00 


7 


0 


10 


41 


59 




0.96 


9 


1 


0 


90 


0 


RDX-Based 














PBX 9010 




10 


0 


0 


100 


0 
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Fig. 4.22. Experimental arrangement 
tor mitiation by sustained shocks. 



4.5 Miscellaneous Tests. 

4.5.1 Initiatioii of Detonation by a Sustained Shock. A common way to initiate 

detonation in an explosive is to transmit a shock wave into it. The shock enters at a 
velocity less than the explosive's detonation velocity and travels for a time, t., 
before detonation occurs. The detonation would require a ditlerent time, tp to travel 
the same distance. The difference between the detonation and shock travel time is t. 
— to, the excess transit time is t«. It is related inversely to the strength of the input 
shock. If the shock is produced by hitting the explosive with a flying plate, the shock 
pressure induced in the explosive is proportional to the plate velocity, and the shock 
duration is proportional to the plate weight, and hence, thickness. Thus, production 
ol a "sustained " shock requires a "thick" Hying plate or flyer. 

In the test used to produce the data that follow, a plane, square wave-shaped 
shock was transmitted to the various explosives by an explosive-propelled flyer 
whose thickness was selected so that the induced shock always lasted longer than 
the time required to initiate a steady-state detonation. The flyer was propelled by 
an explosive driver consisting of a 305-mm-diam plane-wave generator, a TiO- or 100- 
mm explosive charge, and an attenuator. Alter traversing a met hane-lilUd space, 
the flyer collided with the 25.4-niin-diam by 6.35-mm-high right circular cylinder oi 
explosive. Figure 4.22 shows the experimental setup. 

The flyer velocity was adjusted by varying the explosive and attenuator. The free- 
surface velocity of the flyer and the shoe k transit time through the explosive sample 
were measured with ionization switches. Premature, ionization-caused, switch dis- 
ch;ii^( was prevented by the methane atmosj)here. The explosive detonation 
velocity and thus the detonation transit time, tp is known from other experiments. 
The difference between the measured time and to is the excess transit time te. The 
free-surface velocity of the flyer has been correlated with t,, te has been correlated 
with the free-surface velocity of the flyer, and functions have been found. 

4.5.2 Initiation of Detonation by Short*Daration Shocks. Short-duration 

shocks in the test explosives were produced by striking them with a thin fijnng foil. 
The thin foils were driven from the surface of a material of higher impedance by 
shocking i( with an explosive dri\er Figure 4.2:^ shows the experimental setup. The 
shock duration was adjusted by \arying the foil thickness, and the free-surface 
velocity was adjusted by var> ing the explosive driver. The thin foils flew through 
vacuum (10-mm Hg) and struck the 26.4-mm-diam by 6.35-mm-thick test ex- 
plosives. Transit times through the test explosives and free-surface velocities of the 
foils were determined using ionization switches. 
The unreduced data from all of the experiments are given in Table 4.61. 
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Fig. 4.23. Experimental arrangement 
ior producing short-duration shocks. 



Table 4. HI IMTIATIOX OF DETONATION 
BY SUOKT-DURATION SHOCKS 

ExploBive: PBX 9404 

Density: 1.842 ± 0.003 g/cm' 

Assumed Detonation Velocity: 8.80 mmZ/ts 

Flyer Material: 2024 AluminuTn 







Observed 


Excess 


Foil 


Foil 


Transit 


Transit 


Thickness 


Velocity 


Time 


Time 


(mm) 


{mm/fo) 


(na) 


<ns) 


i.26 


0.75 


458o» 


2845 


1.26 


0.76 


4574* 


2852 


1.58 


0.78 


2868 


1137 


i.r,8 


0.78 


2853 


1122 


U.26 


1.40 


1123 


.395 


0.26 


1.40 


1208 


483 


0.26 


1.39 


1404 


681 


0.30 


l.:^9 


1089 


368 


0.30 


1.42 


1301 


.584 


0.20 


1.66 


1076 


355 


0.20 


1.64 


968 


244 


0.20 


1.61 


994 


271 


0.14 


1.78 


1093 


3G9 


0.14 


1.77 


1407 


323 


0.14 


1.77 


948 


224 


0.14 


1.78 


972 


248 


0.14 


1.82 


1446 


362 


0.14 


1.82 


962 


239 


0.14 


1.82 


1363 


279 


0.14 


1.82 


1027 


304 


0.21 


1.80 


863 


1.39 


0.21 


1.80 


824 


100 


0.25 


1.80 


805 


8;i 


0.21 


1.80 


836 


113 


0.31 


1.76 


854 


m) 


0.31 


1.76 


847 


122 



■A slowly rising pulse indicated maiginal initiatjoD. 
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4.5.3 Partial Reaction in Shocked Explosives. As a shock wave passes through 
an explosive, some reaction usually occurs behind the wave front. If the shock wave 

is s(rnn» enough, the decomposition can build up to a detonation. There are few ex- 
perimental (lata or theories that describe this process, but the following data give 
evidence oi its ellecl in one configuration. 

Figure 4.24 shows the experimental arrangement. A plane -wav6 shock of known 
amplitude was transmitted into one side of the test explosive, and the free-surface 
velocity of a witness plate on the opposite side was measured. The explosive 
thickness was varied for each input shock amplitude. If the explosive were totally 
inert, the witness plate free-surface velocity would be expected to decrease slightly 
with increasinfj explosive thickness and constant input shock. Instead, as the data 
show, the velocity increases, indicating that energy is added to the transmitted 
shock from .shock-induced reaction in the explosive. Unfortunately, there are no 
similar data with the explosive as an inert. They would allow the reaction to be 
characterized quantitatively as a free-surface velocity increase for a particular 
shock pressure and run distance in the explosive. These dataware included with the 
hope that they can be useful and perhaps encourage further study of shock-induced 
reaction. 

SMtCtOEO PINS A 

Hjufnee SURFACE vELOcrrv \ 




PLMK WAVE Itm 



Fig. 4.24. Experimental arrangement for producing partial reaction in shocked ex- 
plosives. 
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Table 4.62 DATA ON PARTIAL REACTION 
IN SHOCKED EXPLOSIVES 

Explosive: PBX 9404 
Density: 1.847 ± 0.001 g/cm* 

Shock Transmitter: 2024 Aluminum 
Witness Plate: Lucite 



Transmitter 

Free-Surface 
Velocity 



Test 

Explosive 
Thickness 
(mm) 



Witness Plate 



Thickness 
(nun) 



Free -Surface 
Velocity 
(mm/Ms) 



1.108 


0.00 


5.08 


1.717 


1.109 


1.03 


5.06 


2.346 


1.103 


1.96 


5.05 


2.964 


1.108 


2.56 


5.06 


3.251 


i.loy 


4.01 


5.09 


3.574 


1.103 


6.36 


5.05 


4.121 


1.124 


2.54 


3.19 


3.612 


1.124 


2.53 


6.35 


3.075 



Explosive: PBX 9404 
Density: 1.843 ± 0.001 g/cm' 

Shock Transmitter: 202-4 .Aluminum 
Witness Plate: Magnesium 



1.048 


1.92 


2.54 


2.393 




3.82 


2.54 


3.734 


1.063 


7.62 


2.55 


3.800 




7.62 


2.63 


3.838 



Explosive: Nitroguanidine 

Density: 1.700 ± 0.001 g/cm' 

Shock Transmitter Polymethylmethaciylate 

Witness Plate: Plexiglas 



4.460 

4.475 

4.450 
4.475 



0.00 

5.02 
10.02 
14.01 



5.09 
6.07 

5.09 
5.08 



4.229 

4.356 

4.763 
5.408 
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Table 4.62 (continued) 

Explosive: Comp B 

Density: 1.700 ± 0.003 g/cm' 

Shock Transmitter: 2024 Aluminum 

Witness Plate: 2024 Aluminum 

Witness Plate Thickness: 4.75 ± 0.05 mm 
IVantmitter Tert Witness Plate 

Free-Surface Explosive Free-Surface 
Velocity Thickness Thickness Velocity 

{mm/us) (mm) (mm) (mm/fts) 



1.07 


2.08 


4.70 


1.43 


1.07 


2J» 


4.81 


1.43 


1.07 


3.83 


4.81 


1.56 


1.07 


3.85 


4.80 


1.56 


1.07 


5.08 


4.81 


1.69 


1.07 


5.10 


4.80 


1.71 


1.07 


7.66 


4.79 


2.23 


1.07 


10.19 


4.80 


2.63 


1.07 


10.19 


4.72 


2.58 


1.07 


12.71 


4.78 


2.59 


1.07 


15.26 


4.80 


2.70 


1.07 


20.33 


4.78 


2.76 


1.17 


3.85 


4.82 


1.86 


1.17 


5.06 


4.80 


2.08 


1.51 


3.80 


4.80 


2.30 


1.51 


5.11 


4.80 


2.51 


1.97 


3.84 


4.78 


2.49 


1.97 


5.08 


4.80 


2.67 


2.43 


5.15 


4.83 


2.60 


2.82 


3.84 


4.83 


2.75 


2.82 


5.11 


4.80 


2.72 


3.12 


5.11 


4.74 


2.99 
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5. SENSITIVITY TESTS 

5.1 Drop Weif^ht Impact Text. The drop weight impact machine used at LASLis 
based on the design that the Explosive Research Laboratory at Bruceton, Penn- 
sylvania developed during World War II. It consists of a free-falling weight, tooling 
to hold the explosive sample, and a supporting frame (Fig. 5.01). 

An electronic monitoring circuit is used to distinguish between evrots and 
failures. The noise that the event creates is picked up by a microphone or pressure 
transducer whose output is fed to a triggering circuit. The threshold of this circuit is 
adjusted to place one of the standard explosives, usually TNT, at a fixed point on 
the drop weight impact scale. 

The sample to be tested is dried, usually under vacuum, and loaded into a dimple 
in the center of a 6.5-cm^ sheet of 5/0 garnet paper. That is the Type 12 sample con- 
figuration. A variation, the Type 12B without garnet paper, also is used. 

In it the striker and anvil surfaces are roughened 1^ sandblasting with No. 40 car- 
borundum, and the explosive is placed on the roughened surface of the anvil. 
Depending on the bulk density, the sample weight varies from 30 to 40 mg. Ex- 
plosives that are normally received in granular form, such as PETN, RDX, and the 
plastic- bonded molduig powders, are tested as received. Cast explosives, such as 
Comp B, are ground, and the test sample is a 50/50 mixture of material that passes 
through a USS 16 but is retained on a USS 30 sieve and that passes through a USS 
30 but is retained on a USS 50 sieve. A third sample configuration, called Type 13, is 
used to test liquids. A drop of liquid is placed on the anvil surface, and the lower 
surf ace of t he striker is positioned approximately 3 mm above the sample. A wooden 
shear pin is used to locate the striker. 

A standard test consists of 25 shots performed by following the 'up-and-down' 
testing techniques normally used in sensitivity testing, and results are reported in 
terms of the height at which an event is obtained 50% of the time (Hm). The inter- 
vals between normalized drop heights used at LASL are 0.05. This interval is added 
to or subtracted from the logarithm (base 10) of the preceding drop height to deter- 
mine the logarithm of the next drop height. The logarithmic scale is used on the 
assumption that the heights at which events occur follow a lognormal distribution. 
The interval size in this method of testing is based on the standard deviaticm of the 
mean, or 50%, point 
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Fig. 5.01. Drop weight impact 
machine, based on Explmives Research 
Laboratory model with Type 12 tooling. 
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5.2 l^d Test. The skid test used at LASL k a modification of one designed by the 
Atomic Weapons Research Establishment in cooperation with the Explosives 
Research and Development Establishment, both of the United Kingdom. The in> 

tent of this test, sometimes called the oblique impact test, is to simulate a bare ex- 
plosive charge accidentally hitting a rigid surface at an oblique angle during han- 
dling. In these circumstances, combined impact, friction, and shearing lorces 
generate thermal energy. 

hi the most common version of this test, an uncased hemispherical charge, 254 
mm in diameter, is dropped vertically in free fall onto a rigid target inclined at a 45^ 
angle. In a second version, the hemispherical charge swings down in a harness on the 
end of a cable and strikes a rigid horizontal target at a predetermined angle. 

In either version, the variables are the drop height, the angle of impact between 
target and explosive, and the target surface. 

Two target surfaces have been used. The first is a thin (10-gauge) steel pad 
painted with epaxy resin sprinkled with sea sand. After curing, this surface resem- 
bles coarse sandpaper. Closekote, 80D-grit garnet paper bonded with epoxy resin to 
the surface of a 6.3-mm-thuk Dural plate has also been used. The steel or 
aluminum target is placed on a rigid steel pad. 114.3 mm thick. 

A standard test consists of 10 to 15 drops performed by following the up and down 
techniques normally used in sensitivity testing. The overpressure at a distance of 10 
ft is measured with an Atlantic Research Model LC-13 pressure gauge. Results 
reported are the drop height that produces events in 50% of the trials and the 
average overpressure. This test measures each of initiatimi (drop height) and ease of 
detonation growth (overpressure). 
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5.."{ Large-Scale Drop Test or Spigot Test. This test, developed by LASL, is used 
to help assess the safety of large explosive charges subjected to combined 
mechanical impact and shearing and, possibly, adiabatic heating. A 6-in.-diam, 4- 
in.-high right circular <^linder of high explosive weighing 7-9 lb, and usually at its 
working density, is glued into the counterbore of an inert plastic-bonded material 
that has about the same shock impedance characteristics. The inert material is an 
8-f?/4-in.-hifjh truncated cone with diameters of 12-3/4 in. at the top and 8-3/4 in. at 
the bottom. A 1/2-in. -thick Micarta plate is glued to its top surface to hold a wire 
sling that is used to raise the assembly. A 1/2-in. -thick steel plate glued to the bot- 
tom surface has a 3/4-in.-diam hole in its center and a l-3/16-in.-diam, l/4-in.-deep 
counterbore cut from the surface facing the HE. A steel pin with a l-l/8-in.-diam, 
l/4-in.-thick head and a l-l/4-in.-long, 3/4-in.*diam shaft is placed through this 
hole so that its shaft protrudes from the bottom of the HE. As assembled, the head 
f)f the steel p\n is separated from the bottom surface of the explosive by a 0.35- to 
0.50- mm gap and the shaft extends 25 mm beyond the bottom surface of the steel 
plate. 

A test normally consists of 20 drops performed by following the up-and-down 
technique. The results are reported in terms of the drop height that produces events 
in half of the trials and of the magnitude of the event. 




MILD met - • fl by S ft by § M. 



CONCRETE 

-V- 



TARGET 

Fig. 5.02. Drop test assembly. 



458 



Copyrighted material 



SENSmVlTY TESTS 



! 1 



» 



o 



04 fiu Cu 'z: 



«A (O O 
C4 (O O 
00 QC 



ce 



o Q u o 
O Cd O O 



E c c 

C O O' 

i 'z: 

« « 

a S 5 

tr o c 

•O T3 



00 n 



5 s 



S c c 

«-> 9 Oi &I 

* a > > 

Q ^ U U 



o c o 



o o a o 



d 



o o 
c> t- 



a. U p 04 Q Q 



Q 

I 
I 



o a: o o lO o 

05 IC t~ 5i 



CO »C O O CO C^l 

i ~ c^i c^ T 

t ^ 00 CO OC 00 X 



o 

"3 



00 

• — ^ 

c 

> 

o 



00 

CO 00 

CO t- 



~'- — c; £ 

X X X X ^ 

a: X OC PC X X 

9u, A. 0, (X. .J ^ 



CO o 

J- 

o CQ 



c 

a. 

w 



c^j .ti 
in > 



C5 ^ 

X 5 

L.0 — 
X I- 



o 



o 

113 



7 T 



Oi 
CO 
00 



< 
a. 

z 



c ^ 



X 



o 



B5 

1 



00 



CO 

to 



5 

c 

o 

-r ^. - ^ 9 
X X S X S X 



I- 



I 



I 



X 



0) 



i 

8 

I 

« 
6 
8 

% 
.1 

o 



o 
9 



"5. 



> 

o 

1 
« 

I 



as 
C 

'a. 



J= aj as 

.-= t; ^ 

5; CO 
(Li 

J|£ 
JS^ ^ 

* X *» 

o ^ 



459 



Copyrighted matBrial 



SENSmVITY TESTS 



5.4 Spark Sensitivity. The spark sensitivity of an explosive is determined by sub- 
jecting the explosive to a high-voltage discharge from a capacitor. The discharge 
energy is increased and decreased until the spark energy that produces initiation in 
half, and only half, of the explosive samples is found. 

The explosive sample is placed in a holder like that shown in Fig. 5.03. A 
polystyrene sleeve is cemented around a steel dowel leaving a 3/16-in.-diam by 1/4- 
in.-high space to contain the sample. The sample is placed in the sleeve and covered 
with a lead-foil disk. A polystyrene ring is then clamped over the polystyrene sleeve 
to hold the foil and sample in place. 

The steel dowel provides the ground plane for the electrical circuit. To induce a 
spark, a needle, charged at high voltage, moves toward and penetrates the lead disk 
and then is retracted. The discharge takes place when the needle has penetrated the 
disk and a spark passes through the explosive to the grounded steel dowel. Spark in- 
itiation of the explosive is evidenced by a ruptured lead disk; otherwise, the disk is 
intact except for a single puncture. 

The charged needle is moved in and out by a sewing-machine-like mechanism 
with a stroke duration of about 0.04 seconds. The needle is electrically connected to 
a variable-capacitance capacitor bank that is, in turn, connected to a variable 
power supply. Various combinations of voltage and capacitance can be selected to 
produce the variable spark energv' required for the test. The energies given in the 
tables are found u.sing E = 1/2 CV". where C = capacitance in farads, V = potential 
in volts, and E = spark energy in joules. 




mLVSTYRENE CUUMPINO HIIM 



CONFINING FOIL 



roivcTVNCNe tUEve 



ITEfLOOINtL 



Fig. 5.0.3. Exploded view of 
sample holder. 
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SENSITIVITY TESTS 

T«lite5.04 SPABK SENSITIVITY 



Energy, (J) 





0.076-mni 


0.254-niiii 




Explosive 


Foil 


FoU 


Comments 


Pure Explosives 


ABH 


0.82 


2.92 




HMX 


0.23 


1.42 


23% explosions 




0.20 


1.03 


Brass electrode 




0.11 


1.40 




ICCP 


1.93 


4.04 




Lead chrotnate 


1.03 


6.50 


Tested at 125"C 


PADP 


0.42 


1.90 




HNAB 


0.37 


1.38 




PETN 


0.19 


0.75 


8%ezploBtoiiB 




0.19 


0.36 


Brass electrode 






0.41 




Potassium piciate 


0.73 


0.54 




PYX 


1.17 






RDX 




0.87 






0.22 


0.55 


Brass electrode 


TACOT 




16.83 




1^1 ISO 


0.38 


1.95 




1 euyi 




3.83 






0.54 


2.79 


oraaB eivutruOo 


TNT 




4.00 






0.46 


3.75 


fi% expl()(^i^ns 




0.46 


2.76 


Brass electrode 


— — 


Castable Mixtures 




Compositiun A 


0.63 


4.38 


0 /o explosions 




0.38 


3.29 


£o79 explosions 




0.82 


4.63 


ii7» explosions 


Jrenioiite (oU/oU> 




3.33 






0.32 


1.96 


Xu /O eApiOalOIla 




0.44 


2.10 


Diass eiecMDoe 




Other Mixtures 




Ball Powder 


1.46 


7.42 




Detasheet 


1.13 


16.7 






Plastic-Bonded Explosives 




HMX -based 








PBxyuii 


1.09 


2.77 


33% explosions 


PBX9404 


0.42 


3.13 


0% explosions 


X-0298 


0.5 


3.9 




PETN-Based 








LX-04 


1.04 


2.58 




RDX- based 








PBX9010 


0.79 


1.53 


64% explosimis 


PBX 9205 


0.53 


1.37 


42% explosions 


PBX9407 


0.42 


3.13 


0% explostons 
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GLOSSARY 



ABH Azo-bis (2,2',4,4',6,6".heMnitrobiphenyl), C^HeNnOa^ 

Amatex-2U X-0284 

ATNI Ammomum 2,4,5-trixutroimidazole, CANaOa 

BDNPA Bis-dinitropropyl acetal 

BDNPF Bis-dinitropropyl formal 

BTF Benzotriftuoxane (Beiizotris-l,2,5-oxadiazoIe-l-oxide), 

CEF Tris-beta chloroethylphosphate 

Cell parameters a,b,c Len<,'ths of unit cell edges along x, y, z axis 

a, jS, 7 Interaxial angles a(b,c,), i^(a,c), 7(a,b) 

Destex 74.8 wt% TNT. 18.7 wt% aluminum 4.7 wt% wax, and 1.9 

wt% graphite; also called X-0309 

DINA Di(nitroethyl) nitramine, C4H8N4O8 

DNPA 2,2-Dinitropropyl acrylate, CtUNjO, 

DNT Dinitrotoluene 

DODECA 2,2',2",2*",4,4',4",4'",6,6',6",6'" -Dodeca-mtro-m-m'- 

quatraphenyl, C24HeNi20j4 

DOP Di-2-ethylhexyl phthalate, Ca4H»04 

EDC-1 Another name for octol 

EDNA Ethylene dinitramine, C.H^N^O^ 

Elvax A copolymer of ethylene and vinyl acetate 
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Estane 

EXON-461 

FEFO 

HNAB 

Bis-HNAB 

HNB 
HNBP 

Indices of refraction 



Kel-F HOO j 
Kel-F 827 1 
LX-09 

LX-14 

MAN 

NC 

NONA 



A polyester polyiirethane 

A fluorinated thermoplastic resin 

Bi8(l-fluoro-2,2-dinitroetbyl) formal. C^HtNiOioF, 

2»2',4.4',6,6'-He3uinitToazobenzene, CisH4NgO» 

2,2',2 ',2 ■',4,4',4 ",4' \6,()',6 \6'"- Dodecanitro-3,3'- 
bisCphenylazo) biphenyl, C24HeN,6024 

Hexanitrobenzene, CeNeOu 

2,2',4,4',6,6*'He3camtrobiphenyU CuIWtOit 

The ratio of the velocity of light in two contrasting sub- 
stances is a constant and is called the refractive index. The 
absolute refractive index of a substance is its index with 
respect to a vacuum; this has practically the same value as 
the index against air. Solid ciystalline materials are either 
isotropic or anisotropic. Isotropic materials have a single 
index of retraction. Anisotropic crystals of hexagonal or 
tetragonal systems exhibit, for monochromatic light 
vibrating parallel to the 'c' axis, a unique index of refrac- 
tion customarily symbolized as epsilon. For all vibrations 
directed at 9(r to the 'c' axis the refractive indices all equal 
a common value symbolized as omega. Anisotropic biaxial 
crystals belong to the orthorhombic, monoclinic, w triclinic 
system and possess three significant indices of refraction 
symbolized as alpha, beta, and gamma. 

Chlorofluoroethylene polymers 

A high-explosive formulation developed by the Lawrence 
Livermore Laboratory consisting of 93 wt% HMX, 2.4 wt% 
FEFO, and 4.6 wt% DNPA 

A high-explosive formulation developed by the Lawrence 
Livermore Laboratory consisting of 95.5 wt% HMX and 4.5 
wt% Estane 

Methyl amine nitrate, CH^NaOs 
Nitrocellulose 

2,2',2'',4,4',4",6,6',6"-Nonanitroterphenyl. Ci,HsN,0., 
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NP Nitropiasticizer 

OFHC Oxygen-firee high conductivity 

ONT 2,2',4,4',4",6,6',6"- Octanitro-m-terphenyl, C^HeNgO,^ 

P-16 A conical explosive lens with a base of 1,6 inches, designed 

to generate a plane detonation 

P-22 A conical explosive lens with a base of 2.2 inches, designed 

to generate a plane detonation 

P-40 A conical explosive lens with a base of 4.0 inches, designed 

to generate a plane detonation 

P-80 A conical explosive lens with a base of 8.0 inches, designed 

to generate a plane detonation 

P-120 A conical explosive lens with a base of 12.0 inches, designed 

to generate a plane detonation 

PADP 2,6-Bis(piciylazo)-3,5-dinitropyridine, C„H,NiaOie 

PATO 3.Picrylamino-l,2.4.triazole, CHsNjOa 

PC A thermoplastic polycarbonate 

PBNCO 2,2',4,4*,6-Pentanitrobenzophenone, daHsNsOu 

PMMA Any of several polymethylmethacrylates 

PS Polystyrene 

PYX 2,6-Bis(piciylamino)-3,5-dinitropyridine, CitH^NhOm 

QMAN Tetramethylammonium nitrate, C4H,2N203 

Sauereisen A brand name of an acid-proof cement 

Susan Test This projectile impact sensitivity test was developed by the 



Lawrence Livermore Laboratory. The high-explosive test 
sample configured in the form of a right circular cylinder 
and weighinir about 0.45 kg is loaded into an aluminum 
cap, which becomes the head of a steel-bodied projectile. 
Projectiles containing the test explosive in the nose cap are 
fired from a gun at progressively increasing velocities 
against a rigid steel target. The overpressure resulting from 
the impact or from subsequent events such as explosions or 
dettmations are determined. Results are generally reported 
as a single sensitivity curve with overpressure, normalized 
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to a point source detonation, plotted as a function of the 
projectile velocity. A more complete description of the test 
may be obtained in a paper by L. G. Green and G. D. 
Dorough published in the Fourth Symposium (Inter- 
national) on Detonation (Office of Naval Research, ACR- 
126, October 1965). 



Sylgard Low-temperature vulcanizing silicone resin 

T-TACOT 1,3.8,1 0-Tetranitrobenzotriazoio-l,2a-benzotriazole, 

Ci^H^NhOh 

Z-TACOT 1 . 3 J , 9- Tetranitrobenzotriazolo-2, la-benzotriazole, 

C.,H4N.O, 

TCTNB Trichlorotrinitrobenzene, CeN.OeCU 

TNN 1,4,5,8-Tetranitn)naphthalene, Ci„H4N408 

TNS Trinitrostilbene, Ci4HuN»0, 

TOP Trioctylphosphate, a plasticizer 

TPB 1,3,5-Tripicrylbenzene, C2.,H,N»0i« 

TPM Tripicrylmelamine. C«H,N„0,a 

TPT 2,4,6-Tripiciyl-s-triazine, CaiH.N„Oi. 

Viton A fluoroelastomer 

Wax Any of a series of petroleum-based paraffins 

XTX EXTVudable eXplosive 
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ABH m. 

Alex/20 204, 210. 283 
Alex/30 20_4. 210. 283 

Amatex/20 204. 210. 237. 244. 250, 

255. iLia (see X-0284) 
Amatex/30 204. 210. 
A mat ex/40 204, 2111 
amatol 112 

ammonium nitrate (AN) ^ 2iM, 'HQ. MS. 

449. 452. 453 
ammonium nitrate + fuel oil (ANFO) 204. 

210. 453 

ammonium picrate (AP) 204, 210. 290. 416. 

417. 426. 435. MS 
azo-bi8(2.2'.4.4'.6.6'-hexanitrobiphenyl) 

(ABH) 222, 462 

Bachmann process 42^ 43^ 141 

baratol 3^ 204. m 220, 222, m 283. 

291. 298. 328. 426. M9 
barium nitrate 3, 4, 6, 204, 2111 
Benzotrifuroxan (BTF) '204. 210, 22L 222. 

448. 462 

2.6-bis(picrvlamino)-3.5-dinitropyridine 
(PYX) 222. 281. 285. 449. 46L 464 

Boracitol 204 . 210. MO. 

British aqueous fusion process (BAF) 52 

BTX 222 (see 5.7-dinitro-l-picrvlbenzo- 
triazole) 

C.E. 163 (see tetryl) 

CEF 462 (see tris-beta chloroethylphos- 
phate) 

Composition A 141. 246 
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Composition 205, 211, 285, 290, 428. 

435. 455. 456. 459 
Composition B (Comp B) 11-22. 6L 14L 

205. m, 218, 220, 228, 23L 239. 243, 260- 

264. 283. 291. 298. 325. 437. 441. MR 
Composition B:Ji 11, 12, 15, 19, 20. 205, 211. 

216. 283. 290. 427. 435. 436. 441. 449. 455. 

459 

Comp C ML 451 
Comp Cz3 422 
cyanuric acid 292 
cyclonite Ml (see RDX) 
cyclotetramethvlene-tetranitraraine 42 (see 
HMX) 

cyclotol 11, 24-32. 61. 141. 172. 205. 211. 

218. 228. 238. 240. 260. 265. 283. 290. 427. 

435. 437. 441. 450. ^ 
cyclotrimethyienetrinitramine 141. 2U6 (see 

RDX) 

Destex (see X-0309) 241. 250. 257. 258. 291. 
450. 462 

diaminohexanitrobiphenyi (DIPAM) 205. 

211. 216. 221. 222. 448 
1.3-diamino-2.4.6-trinitrobenzene 

(DATB) .34-40. 205. 211. 213. 216. 218. 221. 

222. 225. 285. 350-352. 426. 435. 448. 450. 459 
Di-2-ethylhexyl phthalate 462 (see DOP) 
Di(nitroethyl) nitramine (DINA) 448, 463 
5.7-dinitro-l-picrylbenzotriazole (BTX) 204. 

222 

Dinitropropylacrylate (DNPA) 205, 21L 
4fi3 

dioctylphthalate (DOP) 292 
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DIREHAN 

2.2'.2".2"'.4.4'.4".4"'.6.6'.6".6"'.Dodeca- 
nitro-m,m -quatraphenyl (DODECA) 222, 

m 

DNT 219 

ED (%] 441. 459 (see octol) 

Ethylene dinitramine (EDNA) 448, 4fi2 

Explosive D (see ammonium picrate) 

Fullpulver IL 122 (see 2.4.6-trinitro- 
toluene) 

guanidine nitrate (GuN) 52 

hexahydro- 1 ,3,5-trinitro-8-triazine lAl (see 
RDX) 

hexanitroaEobenzene (HNAB) 448. 461. 
4fi2 

hexanitrobenzene (HNB) fl4S 
hexanitrobiphenyl (HNBP) 222, 4fi3 
hexanitrodipicrylsulfone (HNDS) 205, 
211 

hexanitrostilbene (HNS) 205, 21L 216^ 221, 

222. 448 
Hexogen lil (see RDX) 
Hexolite LL (see Comp B) 
Hexotol II (see Comp B) 
HMX 42-.50, 61-64. 66-70. 72-74. 76, 79, 84- 

89, 96, 9L 109-113. 127. 205-209. 211-216. 

218, 22L 222, 225, 268-270. 272. 273. 281. 

284. 285. 291. 299-301. 353. 359. 367. 370. 

372. 416. 417. 426. 436, 437, 448. 450-452, 

455-457. 459. 401 

ICCP 4fil 

indices of refraction 463 
lead chromate 461 

LX-04 284. 291, 370, 221 (see X-0192) 
LX ()9 455a 459, 463 (see X-0225) 
I^X-IO 459 
456 

methyl amine nitrate (MAN) 448, 452. 453. 
463 

m-nitroaniline 34. 



Niperyth IM (see PETN) 

nitrocellulose (NC) 3, 84-86. 89, 206, 212, 

235. 272-274. 286. 291. 292. 359. 392. 448. 

455, 46a 

nitroguanidine (NQ) 52»59. 205. 212. 214. 

218, 22L 222, 225, 281, 285, 291, 304-308. 

359. 375. 376-383. 426. 44a 
nitromethane (NM) .35, 205, 211, 28L 291, 

302. 303. 448 
Nitropenta JjiQ (see PETN) 
2,2',2",4,4',4".6,6'.6"-nonanitroterphenvl 

(NONA) 222, 463 

octahvdro-1.3.5.7-tetranitro-1.3.5.7-tetrazo- 

cine 42 (see HMX) 
2.2',2",4.4'.4".6.6',6"-octanitro-m-terphenvi 

(ONT) 222, 463 
Octogen 42 (see HMX) 
octol 42, 61-70. 172. 205, 212. 228. 242. 260. 

283. 290, :i25, 427. 435-437. 441. 450. 455. 459 

Pnmnlpx/20 250. 255 (see X-0284) 
PBX 9(K)1 451 

PBX 9007 206, 212j 285, 428, 435, 437, 438, 
451 

PBX 9010 206. 212. 216. 218. 285. 290. 428. 

435-439. 441. 451. 452. 456. 459 
PBX 9011 72-82, 206. 212. 216, 218. 220. 

229, 283, 290, 29L 367-369. 428. 435. 441. 

450. 455. 45a 
PBX 9205 206. 212. 290. 428. 435. 451 
PBX 9206 260, 2fi9 
PBX 9207 208. 215. 260. 22fl 
PBX 9401 -Ml 451 
PBX 9402 260, 222 

PBX 9404 84-97. 206. 212. 216. 218. 220. 

229. 241. 243-245. 250. 251. 260. 273. 283. 

290, 291, 298, 359-366. 428. 435-439. 441. 

450, 455, 456, 45a 
PBX 9405 260. 274, 292, 392-394 
PBX 9407 99-108, 206. 212. 216. 230. 290. 

292. 388-391. 428. 435. 437. 438. 451, 452 
PBX 9501 109-118. 206. 212. 216. 218. 220. 

229, 245, 250, 252, 284, 291, 353-358. 428. 

450. 455. 456. 459 
PBX 9502 120-128. 206. 212. 231. 250. 253, 

292, 397-399. 428. 435 (see X-0290) 
Penta m (see PETN) 
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pentaerythritol tetranitrate (PETN) 130- 
139. 188-191. 206. 207. 213. 216. 220-222. 226. 
281. 291. 292. 309-318. 384. 426. 430-439. 446. 
448. 

2.2'.4.4'.6-pentanitrobenzophenone (PENCO) 

222. m. 

Penthrite JJJQ (see PETN) 

Pentolite 283, 290, 421 

Pentrit 12Q. (see PETN) 

picrates 204, 210, 290, 416, 417, 426, 435. 

448. 449. m 
picric acid 449 

Picrite 52 (see nitroguanidine) 
3-Picrylamino-1.2.4tria7.Qle (PATO) 2Q5^ 

212. 221. 222. 4M 
picryl azide MS 

picrylmethylnitramine IfiS (see tetryl) 
PNA 448 

putassium picrate 4fil 

PYX I see 2.6-bi8(picrylamino)-3.5-dinitro- 
pyridine] 

QMAN (see tetramethyl ammonium 
nitrate) 

RDX 11-13. 14, 16, 18. 24, 25. 28-31. 42, 66, 
68, 141-1.'>0. 196-199. 204-207. 210- 

213, 216, 218, 220-222. 226. 260-267. 271. 
274-277. 281. 286-289. 29L 292, 387, 388, 
392,395,396,426,433,436,446,449, 451- 
453. 459. m 

T4 141 (see RDX) 

TEN m (see PETN) 

Tetralita lfi3 (see tetr>'l) 

Tetralite Ifhi (see tetryl) 

tetramethyl ammonium nitrate (QMAN) 

449. 453. 4fi4 
l,3.8.10-tetranitrobenzotriazolo-l,2a-benzo- 

triazole (T-TACOT) 222. 461. 464 
1 .4.5.8-tetranitronaphthalene (TNN) 222, 

465 
Tetratols 

tetryl 163-170. 213. 216. 218. 221. 222. 227. 

244. 28L 29L 330-338. 427. 435-439. 441. 

449. 461 
Tetrylite 163 (see tetryl) 
Tol 112 (see 2.4.6-trinitrotoluene) 
Tolite 122 (see 2,4,6-trinitrotnluene) 
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Tri 122 (see 2.4.6-trinitrotoluene) 
trichlorotrinitrobenzene (TCTNB) 461, 465 

1.3.5- trinitrobenzene (TATB) 120-124. 127. 
152-161. 206. 207. 212. 213. 216. 218. 221, 
222, 226, 281i Mi 292, 319-329. 372. 397. 
400-413. 426. 427. 449. 452 

2.4.6- trinitro-N-methvlaniline lfi3 (see 
tetryl) 

2.4.6-trinitrophenylmethylnitramine 163. 

207 (see tetryl) 
trinitrostilbene (TNS) 449, 4fiS 
2.4.6-trinitrotoluene (TNT) 66, 141, 163. 
172-186. 204. 205. 207. 210-213. 216. 218. 220- 
222. 227. 237. 241. 260-268. 278. 279, 281. 283. 
290, 29L 298, .325. 328. 339-349. 427. 435. 446. 
449, 450, 4fil 

1 .3.5- 1 ri n i ( ro- l ,3,5-triazocyclohexane 141 

(see K1)X) 
Trinol 112 (see 2,4,6-trinitrotoluene) 

1.3.5- tri picryl benzene (TPB) 222, 4M 
Tripicrylmelamine (TPM) 207, 213, 218, 

221. 449. 46a 

2.4.6- tripicryl-s-triazine (TPT) 4fi5 
tris-beta chloroethylphosphate (CEF) 292, 

392. 462 
Tritolita U (see Comp B) 
Tritolite 11 (see Comp B) 
Tritolo LI2 (see 2.4.6-trinitmtoluene) 
trilonals 172, 283 
Trotil 122 (see 2.4.6-trinitrotoluene) 
Trotyl 122 (see 2.4,6-trinitrotoluene) 
T-TACOT 222, (see 1.3.8.10-tetranitro- 

benzotriaz()lo-l,2a-benzot riazole) 
Tutol 172 (see 2.4.6-trinitrotoluene) 

Urea/ammonium nitrate process 52 

X-0007 (86.4 HMX/13.6 Estane) 209, 2fi4 
XzOm. (93.4 HMX/6.6 Estane) 209,284,436 
X.0069 (90.2 HMX/9.8 Kel-F 3700) 284 
X-OIH (65.7 HMX/26.4 NQ/1.9 Kel-F) 208. 
214 

X^lfi (29.7 HMX/64.9 NQ/dA Estane) 208. 
214. 28^ 

X-0143 (85^ HMX/9.2 DATB/5^ Es- 
tane) 285, 459 

X-0183 (65.7 HMX/26.4 NQ/7.9 Kel-F 
3700) 285 
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(85 HMX/15 Viton A) 284. (also 

called LX-04) 
yM9(U (83 HMX/17 Tenon) 209. 215. 284. 

290. 456. 45a 
V-n9nQ (95.0 HMXy2.5 Elvax/2.5 wax) 2M 
X-n9ir^ (94.6 HMX/2.n Ks<ane/2.0 BDNPF/ 

LI wax) -JM 
X-U21,-) m HMX/8.5 Viton/1 wax) 456 
X.0217 (94 HMX/3.6 DNPA/2.4 NP) 207, 

213. 284, 428, 457. 459 
X-n919 (90 TATB/10 Kel-F) 292. 407. 428. 

452 

X-0'-^i9 (50 HMX/40 TATB/10 Kel-F) 291. 

X.n994 (74 RDXZ2Q Al/5.4 Elvax/0.6 wax) 
292, 395 

X-n-:>9n (93 HMX/4.6 DNPA/2.4 FEFO) 4fi5 

(also called LX-U9) 
y-(Y?9A (90 NQ/10 Estane) 29L 3aL3a3 
X-0233-13-85 (13^ HMX/85.5 W/0.8 PS/0.5 

DOP) 208, 2M 
X -0234-50 (94 HMX/3 DNPA/3 CEF) 207, 

213. 452 

X. 0234-60 (M HMX/3.6 DNPA/2.4 CEF) 
207. 2M 

X .09.34.70 (94 HMX/4.2 DNPA/1.8 CEF) 

207. 214. 285. 435 

X .0234-80 (94 HMX/4.8 DNPA/1.2 CEF) 

208. 214. 428 

X-0235 (94 HMX/2 DNPA/2 NP/2 Es- 
tane) 2855 

X.0941 (96 NQ/2 wax/2 Elvax) 29L 325 
X=D242 (95 HMX/5 Estane) 45fi 



X-0243 (95 DATB/15 PS/1.5 DOP) 207. 

X.0947 (95 DATB/5 Kel-F) 207, 213 
X-0250 (40.2 RDX/40.4 cyanuric aiddZl2^ 

Sylgard 292. 396 
X.0972 (92 HMX/r> 'rA-rR/3 Estane 

451 

X-n2H2 (95.5 HMX/4.5 Estane) 250» 
254, 456 

X-0284 (Pamatex/20 and Amatex-20K) 250. 
255 

XzQ285(95^HM2C/15Vibrathane) 250,256 
X-0286 (97 HMX/1.35 Kraton/1.35 oil) 208. 
214 

X-()987 (97.5 HMX/1.43 Krat,on/1.17 wax) 

208, 214. 250. 256. 456 
X-0290 (95 TATB/5 Kel-F) 292, 429 

(also called PBX 9502) 
X.0291 mA TATR/7 .'S Kel-F) 422 
X.n298 (97.5 HMX/1.43 Kraton/1.17 

oil) 208. 214. 250. 257^ 456 
X-()299 (95 DATB/5 Viton A) 207. 213 
X-0300 (95 DATB/5 Estane) 20L 213, 291 
X.03()9 (74.6 TNT/18.7 Al/4.8 wax/1.9 

acetylene black) 241. 250. 257. 258, 291 

(also called Destex) 
XTX 8003 20. 31. 69. 93, 106. 116. 127. 160. 

m 184, 188-194. 207. 213. 216. 218. 220. 

230. 292. 384-386. 433. 434 
XTX 8004 196-200. 207. 213. 216. 230. 451 

Z-TACOT 222, 4fi5 (see 1.3.7.9-tetranitro- 
ben zotriazolo-2. la-benzotriazole) 
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